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ABSTRACT 


The  raceraization  and  solvolysis  of  phenacy lethylmethyl- 
sulfonium  perchlorate  (i)  were  investigated. 

Optically  active  I  was  obtained  by  synthesizing  the 
( - ) -dibenzoylhydrogentart arate  salt  and  separating  the  dias- 
tereomers,  followed  by  replacement  of  the  anion  by  perchlorate. 
Compound  I  racemizes  600  times  faster  than  it  solvolyzes  at 
70°  in  methanol.  The  loss  of  optical  activity  is  due  to 
racemization  and  not  decomposition  of  the  substrate.  Solvoly¬ 
sis  of  I  results  in  the  formation  of  2-methy lthioacetophenone 
(phenacyl  methyl  sulfide)  and  2-ethylthioacetophenone  (phe- 
nacyl  ethyl  sulfide),  in  the  amounts  of  47  and  18  mole  per 
cent  respectively,  plus  35  mole  per  cent  unidentified  pro¬ 
ducts  . 

Mechanisms  which  would  account  for  racemization  of 
phenacylethy lmethy lsulf onium  perchlorate  without  decompo¬ 
sition  were  considered.  The  only  mechanism  which  could 
account  for  this,  as  well  as  the  rate  difference  between 
solvolysis  and  racemization  and  the  observed  products  of 
solvolysis  is  pyramidal  inversion  about  the  central  sulfur 
atom.  This  is  analogous  to  the  inversion  of  an  ammonia 
molecule . 
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The  racemization  and  decomposition  of  ethy lmethylsul- 


fonium  phenacylide  (II)  were  investigated. 

Optically  active  II  was  obtained  by  treatment  of 
optically  active  I  with  base,  followed  by  workup.  This  is 
the  first  reported  synthesis  of  an  optically  active  sul- 
fonium  ylide.  Compound  II  racemizes  c_a.  100  times  faster 
than  it  solvolyzes.  Loss  of  optical  activity  is  due  to 
racemization  and  not  decomposition  of  the  substrate.  Decom¬ 
position  of  II  results  in  the  formation  of  67  mole  per  cent 
of  2-methy lthioacet ophenone  (decomposition  studied  in  CC1 
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o. 

at  50  )  . 


The  only  reasonable  mechanism  to  account  for  race¬ 


mization  of  II  is  pyramidal  inversion  about  the  central 
sulfur  atom,  analogous  to  the  inversion  of  I. 

A  discussion  of  the  relative  rates  of  racemization 
of  sulfonium  salts,  sulfonium  ylides  and  aryl  sulfoxides  is 
given . 
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INTRODUCTION 

The  ammonia  molecule  is  capable  of  undergoing  a 
pyramidal  inversion  about  the  nitrogen  atom.  The  potential 
barrier  restricting  this  inversion  was  calculated  by 
Manning  (l),  using  data  on  the  hyperfine  splitting  of  certain 
lines  in  its  infrared  and  microwave  spectra.  This  method 
of  calculating  the  potential  barrier  restricting  such  an 
inversion  in  other  pyramidal  molecules  cannot  be  applied, 
since  the  necessary  spectral  data  are  not  available  in  the 
literature . 

Kincaid  and  Henriques  (2)  were  able  to  calculate  the 
activation  energy  for  the  intramolecular  inversion  of  a 
number  of  pyramidal  molecules,  including  the  trimethyl- 
sulfonium  ion.  They  chose  a  pyramidal  model  of  the 
sulfonium  ion  and  assumed  that  its  inversion  merely  required 
the  gradual  increase  of  the  symmetrical  deformation 
vibrations  as  shown  in  Figure  I. 


Figure  I.  Diagrammatic  representation  of  the  inversion 
of  SR  +  by  gradually  increasing  the  amplitude  of  the 
symmetrical  deformation  vibrations. 

By  using  the  force  constants  controlling  this  vibration, 
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a  plot  as  shown  in  Figure  II  can  be  made;  a  double  parabolic 
function  of  the  form  V  =  A  (&c<)~  on  either  side  of  the 


broken  line  represents  the  valence  force  field  function  of 
Weston  ( 4 ) • 


Using  the  parabolic  function  shown  below,  which  was 
suggested  by  Wall  and  Glocker  (3),  Kincaid  and  Henriques 
obtained  a  value  of  100  kcal/mole  for  the  activation  energy 
required  for  the  intramolecular  inversion  of  the  trimethyl- 
sulfonium  ion. 

v  =  i  k  (  M  -IxJ)2 

x  =  distance  of  S  from  the  plane  of  the  R  groups 
xQ=  the  distance  at  equilibrium 
k  =  the  force  constant  ,  k  = 

reduced  mass 

the  vibrational  frequency 
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For  the  tr imethylsulf onium  ion  they  used  the  following 
values : 


1.82  X  =  C-S  bond  length 

109*5°  =  C-S  bond  angle  (  an  upper  limit;  lower 


values  make  the  activation  energy 
higher) 


0.61  ft  =  the  equilibrium  height 

600  cm  ^  =  vibrational  frequency  (  a  lower  limit; 


for  dimethyl  sulfide  frequency  is  648 
cm  ;  higher  values  increase  the 
calculated  energy  ). 


Their  value  of  100  lccal/mole  is  so  high  that  "flipping"  of 


the  tr imethylsulf onium  ion  would  be  an  unobservable  process. 
The  authors  pointed  out  that  this  parabolic  function  tends 
to  overestimate  the  value  for  the  inversion  energy.  As  an 
example,  this  method  predicts  a  value  for  ammonia  that  is 
50  per  cent  higher  than  the  accepted  value.  But  even  a  50 
per  cent  reduction  in  value  for  the  tr imethylsulf onium  ion 
still  suggests  that  its  inversion  would  be  too  slow  to 


detect . 


Weston  (4)  has  made  a  more  recent  estimate  for  the 


activation  energy  by  applying  the  valence  force  field  function 


of  Costain  and  Sutherland  (5)  to  the  double  minima  problem. 


where  k^  =  C-S  bond  stretching  force  constant 
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kQ(=  the  bond  bending  force  constant 
A Jl —  change  in  bond  length  from  equilibrium 
value 

Ao(  =  change  in  bond  angle  from  equilibrium 
value 


Using  symmetry  coordinates  involving  V,  and  they  related 
Aa  to  AOC  and  obtained 

-r 

V±  —  K  (21T/3)  2 

•»  - 

Assuming  the  following  values ,  1.82  X  for  the  bond  length, 

654  and  285  cnf 1  for  the  vibrational  frequencies,  109-5° 
for  the  bond  angle,  Weston  obtained  an  activation  energy  of 
16.5  kcal/mole;  assuming  a  bond  angle  of  100°  by  anology  to 
trimethyl  phosphine  gave  a  value  of  24*1  kcal/mole.  The 
author  pointed  out  that  his  values  were  surprisingly  low 
and  suggested  that  this  may  be  due  to  using  force  constants 
that  are  not  corrected  for  vibrational  anharmonicity . 

Weston  knew  that  his  values  were  too  low  since  they 
would  indicate  that  active  sulfonium  salts  could  not  be 
obtained  at  room  temperature,  whereas  optically  active 
sulfonium  salts  had  been  known  since  1900  when  Pope  and 
Peachy  (6)  resolved  carboxymethylethylmethylsulf onium 
d-bromocamphorsulf onate .  In  the  same  year  Smiles  (7) 
resolved  phenacylethylmethylsulf onium  d-bromocamphorsulf onate 
and  converted  each  optically  active  isomer  into  the 
corresponding  picrate . 
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The  first  study  of  the  racemizat ion  of  optically  active 
sulfonium  salts  was  made  in  1930  by  Kenyon  et  aJL  (8).  Using 
phenacylethylmethylsulf oniura  iodide  they  concluded  that 
racemization  involved  a  nucleophilic  displacement  on  the 
methylene  carbon  of  the  phenacyl  moiety  by  halide  ion  to 
form  inactive  phenacyl  iodide  and  dimethyl  sulfide,  followed 
by  recombination  to  form  the  racemic  salt  as  shown  below. 


It  was  not  until  1966  that  it  was  shown  that  optically 
active  sulfonium  salts  could  racemize  without  decomposition. 
In  that  year  Darwish  and  Tourigny  (9)  found  that  t^-butyl- 
ethylmethy lsulf onium  salts  racemized  more  rapidly  than  they 
decomposed.  This  was  found  to  be  true  in  a  variety  of 
solvents .  By  introducing  substituents  into  the  |  -position 
of  the  t-butyl  moiety  and  observing  their  effects  on  the 
rates  of  racemization  and  solvolysis,  they  found  that  the 
racemization  rate  was  enhanced  regardless  of  the  electronic 
effect  of  the  particular  substituent  involved.  The 
solvolysis  rate,  on  the  other  hand,  was  enhanced  by  electron- 
donating  substituents  and  retarded  by  electronwithdrawing 


substituents . 
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CH, 


ch3— C 
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C2H5 
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X  -  H 


II  X  =  OCH 
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ch2-x 


CH, 


III  X  =  CH 
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iv  x  =  c6h 


As  a  result  they  were  able  to  show  that  the  major  portion 
of  the  racemization  involved  a  pyramidal  inversion  about 
the  central  sulfur  atom,  analogous  to  the  inversion  of  an 
ammonia  molecule. 

Mislow  and  Scartazzini  (10)  have  shown  that  this 
mechanism  accounts  for  the  racemization  of  the  l-adamantyl- 
ethy lmethylsulf onium  system. 

A  study  has  also  been  made  of  the  benzylethylmethyl- 
sulfonium  system  by  Darwish  and  Hui  (ll).  By  introducing 
substituents  into  the  para-  and/or  meta-  positions  and 
studying  their  effects  on  the  rates  of  solvolysis  and 
racemization,  they  were  able  to  show  once  again  that  the 
major  portion  of  the  racemization  is  accounted  for  by  a 
pyramidal  inversion  about  the  central  sulfur  atom. 


CIO 


II 


X  =  H  Y  =  H 


X  =  H  Y  =  NO 


III  X  =  no2  Y  =  och3 


To  further  study  the  importance  of  pyramidal  inversion 
in  the  racemization  of  optically  active  sulfonium  salts,  we 
have  undertaken  a  study  of  the  phenacylethy lmethylsulf onium 


system . 
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CHAPTER  I 

PHENACYLETHYLMETHYLSULFONIUM  SALTS 

This  chapter  describes  the  synthesis  and  resolution  of 
phenacylethylmethy lsulf onium  salts.  The  kinetics  of  the 
racemization  and  solvolysis  and  the  solvolysis  products  will 
also  be  discussed.  In  addition,  the  ratio  of  solvolysis  to 
racemization  rates  and  solvent  and  temperature  effects  will 
be  discussed. 

SYNTHESIS  AND  RESOLUTION 

Figure  III  outlines  the  route  which  was  followed  for 
the  synthesis  and  resolution  of  phenacylethylmethylsulf onium 
perchlorate.  Ethyl  methyl  sulfide  readily  reacts  with 
phenacyl  bromide  to  form  the  sulfonium  bromide  salt.  The 
reaction  and  workup  should  be  carried  out  in  the  dark  to 
prevent  formation  of  bromine.  Exchange  of  the  sulfonium 
salt  anion  was  accomplished  by  converting  it  to  the  hydroxide 
using  a  Dowex  1-X8  anion  exchange  resin,  in  its  hydroxide 
form,  and  neutralizing  the  sulfonium  hydroxide  with  the 
appropriate  acid.  Optically  active  phenacylethylmethyl- 
sulfonium  perchlorate  was  obtained  via  the  ( -) -2R , 3R-di- 
benzoy lhydrogentartarate  salt.  The  sulfonium  hydroxide 
was  neutralized  with  ( - ) -2R, 3R-dibenzoyltartar ic  acid 
monohydrate  and  after  separation  of  the  diastereomers ,  the 
less  soluble  diastereomer  was  converted  to  the  levorotary 
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perchlorate  salt.  The  dextrorotary  salt  was  not  obtained. 

All  compounds  gave  satisfactory  analyses.  These,  as  well 
as  melting  point,  nuclear  magnetic  resonance  spectra  and 
infrared  spectra  are  reported  with  the  detailed  synthetic 
procedure  in  the  Experimental  section.  All  the  data  are 
consistent  with  the  assigned  structures.  The  sulfonium 
bromide  exhibits  non-equivalence  of  the  methylene  protons 
of  both  the  ethyl  and  phenacyl  moieties  in  its  n.m.r.  spectrum. 
This  behaviour  is  expected  since  the  groups  are  adjacent  to 
an  assymmetric  center.  The  other  sulfonium  salts,  also 
potential  candidates  to  exhibit  this  behaviour,  did  not 
show  non-equivalence  of  the  abovementioned  protons.  The 
change  in  specific  rotation  with  change  in  wavelength  of 
the  incident  light  for  ( - ) -phenacylethylmethylsulf onium 
perchlorate  is  illustrated  in  Figure  IV. 

SQLVOLYSIS  STUDIES 

The  rate  of  solvolysis  of  phenacylethylmethylsulf onium 
perchlorate  was  studied  by  two  methods,  by  following  the 
rate  of  appearance  of  acid  and  by  following  the  rate  of 
disappearance  of  starting  material  by  means  of  nuclear 
magnetic  resonance  spectroscopy.  The  data  are  summarized  in 
Table  IV.  The  titrimetric  method  gave  only  65  per  cent  of 
the  theoretical  infinity  titer  and  resulted  in  a  drifting 
rate  constant,  .  The  rate  constants  were  calculated 


9 


Figure  III.  Formation  of  Phenacylethy lmethylsulf onium  Salts 


Wave  Length 
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Figure  IV.  Specific  rotation  of  ( - ) -phenacylethylmethylsulf onium 
perchlorate  vs  wavelength  of  the  incident  light ,  in 
solvent  methanol . 
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from  the  relationship: 

=  2.303  log  Vc°  ~  Vo 

t  V*  -  V 

where  V  is  the  theoretical  infinity  titer  and  V^  is  the 
titer  at  time  t.  A  typical  titrimetric  rate  analysis ,  Run 
1-167^  is  shown  in  Table  I  with  the  corresponding  plot  of 
log  (  Vo©  -  V^_  )  vs  time  shown  in  Figure  V.  The  titrimetric 
rate  constants  reported  in  Table  IV  are  obtained  from  the 
initial  slope  of  the  log  (  V^-  )  vs  time  plot. 

The  solvolytic  rate  study  using  n.m.r.  spectroscopy, 

Run  1-292,  with  ethylene  carbonate  as  internal  standard, 
clearly  showed  that  no  starting  material  remained  after  10 
half-lives  of  solvolysis.  This  indicates  that  the  incomplete 
acid  titer  obtained  in  the  titrimetric  rate  determination  is 
due  to  consumption  of  the  acid  in  a  side  reaction  and  not  to 
a  reversible  solvolysis  reaction.  The  rate  constant  for 
this  reaction  was  obtained  from  the  slope  of  the  plot  of 
log  (a  -  x)  vs  time,  where  (a  -  x)  is  the  concentration  of 
phenacylethylmethylsulf onium  perchlorate  at  time  t.  The 
rate  analysis  for  this  run  is  shown  in  Table  II  with  the 
corresponding  plot  of  log  (a  -  x)  vs  time  illustrated  in 
Figure  VI.  Due  to  the  method  employed,  this  analysis  is 
subject  to  a  very  large  error. 

A  solvolytic  rate  study  in  the  presence  of  added 
2,6-lutidine  was  made  by  employing  n . m . r . spectroscopy 
(  Run  2-11).  The  rate  constants,  k^, 


were  calculated  from 


. 
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the  relationship: 

k  =  2.303  log  a 

t  a  -  x 

where  a  is  the  initial  concentration  and  (a  -  x)  is  the 
concentration  at  time  t  of  phenacylethylmethylsulf onium 
perchlorate.  The  rate  analysis  for  this  study  is  shown 
in  Table  III. with  the  corresponding  plot  of  log  (a  -  x)  vs 
time  shown  in  Figure  VII.  A  drifting  rate  constant  was  again 
observed;  the  rate  constant  reported  in  Table  IV  was  obtained 
from  the  initial  slope  of  the  log  (a  -  x)  vs  time  plot. 

It  can  be  seen  that  the  reaction  in  the  presence  of 
2,6-lutidine  is  considerably  faster  than  in  its  absence. 

The  rate  was  also  measured  by  n.m.r.  spectroscopy  in 
the  presence  of  a  five  fold  molar  excess  of  2,6-lutidine 
and  a  five  fold  molar  excess  of  2 , 6-lut idinium  perchlorate 
(  Run  2-50).  The  rate  constants  for  this  reaction  were 
calculated  in  the  same  manner  as  above.  The  reaction  was 
followed  to  75  per  cent  completion,  and  a  good  straight  line 
was  obtained  when  a  plot  of  log  (a  -  x)  vs  time  was  made. 

The  rate  analysis  of  this  study  is  shown  in  Table  V,  with 
the  corresponding  plot  of  log  (a  -  x)  vs  time  shown  in 
Figure  VIII.  This  reaction  is  only  slightly  faster  than  the 
reaction  involving  the  sulfonium  salt  alone,  and  is 
considerably  slower  than  the  reaction  in  the  presence  of 
2,6-lutidine  only. 
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The  decomposition  in  the  presence  of  2,6-lutidine  may 
be  the  decomposition  of  the  ylide  and  not  the  sulfonium 
salt.  Since  the  ylide  would  result  from  the  following 
equilibrium. 

Salt  +  :  B  ^  >—  Ylide  +  BH+ 


The  fraction  of  material  in  the  form  of  ylide  will  be 
governed  by  the  following  equation: 


Keq 


F  Ylide] 

BH+] 

[Salt  j 

Bj 

and  [Vlidel  =  Keq  C:  B  J 
gait  ]  pH^j 


As  the  reaction  proceeds,  the  ratio 
the  fraction  of  the  material  in  the 
and  the  rate  also  decreases . 

In  the  buffered  solution,  the 


C:  B]  d 
[P+] 

form  of 


ecreases 
ylide  de 


.  Hence 
creases , 


> 


ratio  [:  b]  is  very 

pFj 


small  and  is  essentially  constant.  The  fraction  of  the  material 
in  the  form  of  ylide  will  also  be  very  small.  In  fact,  by  a 
comparison  of  the  rates  of  solvolysis  of  the  sulfonium  salt 
with  and  without  added  buffer  it  appears  that  the  buffer 
almost  eliminates  ylide  formation. 

Alternatively  the  faster  solvolysis  rate  in  the  presence 
of  base  may  be  due  to  removal  of  a  proton  from  the  solvent, 
thereby  creating  a  better  nucleophile.  If  this  is  the  case, 
then  a  similar  argument  applies. 
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TABLE  I 

SOLVOLYSIS  OF  0.002  M  PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE 
IN  ANHYDROUS  METHANOL  AT  90.00°  RUN  1-167 


Aliquot:  5*008  ml.  Titrant:  NaOMe  (0.035  M') 

Indicator:  Bromphenol  Blue  Theoretical  Infinity  Titer: 2.814  ml. 


Time 

10^  sec) 

V 

t 

(ml .  ) 

Log  (Xpo  -  Vt) 

107k. 

( sec 

0 

0 .000 

.44932 

0 .864 

0 . 201 

.41714 

9 . 60 

1.764 

0.435 

.37639 

9.56 

2.637 

0 . 601 

•34498 

9 . 12 

3.789 

0.775 

.30942 

8.51 

4.275 

0.871 

. 28847 

8.67 

4.671 

0 . 902 

. 28149 

8.26 

5.427 

0 .970 

. 26576 

7.78 

6 . 282 

1.052  . 

. 24601 

7.46 

7 . 128 

1.163 

•21775 

7.48 

10.845 

1.404 

. 14922 

6.36 

11.763 

1.483 

. 12418 

6.37 

k,  =  9.1  x  10  7 

t 


From  graph  : 
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Figure  V.  Solvolysis  of  0.0200  M  phenacylethylmethylsul- 
fonium  perchlorate  in  anhydrous  methanol  at 
90.00° 


Run  1-167 
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TABLE  II 

SOLVOLYSIS  OF  0.0200  M  PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE 


IN  ANHYDROUS  METHANOL 

AT  90.00° 

RUN  1-292 

Internal 

Standard:  Ethylene  carbonate  (O.4OO7  M) 

Varian  A- 

60  NMR  Spectrometer 

Time  Integration 

Integration 

Log  (a  -  x) 

7 

10  k, 
t 

( lO^sec) 

(r  4-s) 

(Int.  Std . ) 

(sec  1) 

0 

17.5 

37.5 

1.6690 

2.61 

14.0 

33-9 

1.6160 

4.68 

3.60 

23.8 

66.7 

1.5524 

7.46 

5-53 

19.5 

64.O 

1.4839 

7.70 

6 . 91 

10 . 1 

36.5 

1.4420 

7.56 

8.64 

9-2 

36.7 

1.3992 

7.19 

13.07 

12 . 3 

60.5 

1. 3081 

6.36 

18.25 

11.8 

68.0 

1. 2393 

5.42 

From  graph 

:  k  =  9.0 

x  10“7 
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log  ( 


Solvolysis 

perchlorate 


of  0.0200  M  phenacylethylmethy 1 
in  anhydrous  methanol  at  9 0.00 


llf  onium 
Kun  1-292 


Figure  VI. 


MO 
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TABLE  III 

SOLVOLYSIS  OF  0.0200  M  PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE 
IN  ANHYDROUS  METHANOL  AT  90.00°  WITH  ADDED  2,6-LUTIDINE 
(0.0600  M)  RUN  2-11. 


Varian  A- 

Internal 

-60  NMR  Spectrometer 

Standard  :  Ethylene  carbonate  (0. 

4007  M) 

T  ime 

( 104sec) 

Integration 

(74.5) 

Integration 

( Int .  Std . ) 

[Salt] 

(a-x) 

Log  j^Salt 

log(a-x) 

10°  k 

t 

( sec--*-) 

0 

35.1 

73.4 

.0200 

2.3013 

3-87 

33-0 

93.0 

.0150 

‘2.1761 

7.46 

7-83 

33.0 

126.0 

.01096 

2.0398 

7.67 

9-63 

17.1 

72 . 2 

.00991 

3.9961 

7.30 

12.15 

23  •  2 

106.5 

.00912 

3.9598 

6 . 49 

15.93 

7.4 

39.8 

.00778 

3.8910 

5.96 

18 . 81 

8.9 

52.9 

.00704 

I.8475 

5-56 

250.56 

0 

-6 

From  graph  :  =  7*7  x  10 


■ 


19 


Figure  VII.  Solvolysis  of  0.0200  M  phenacylethylmethylsul- 

fonium  perchlorate  at  90°  in  anhydrous  methanol 
with  added  2,6-lutidine  (0.0600  M)  Run  2-11 
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TABLE  V 

SOLVOLYSIS  OF  0.0200  M  PHENACYLET HYLMETHYLSULFONIUM  PERCHLORATE 
IN  ANHYDROUS  METHANOL  AT  90.00°  WITH  ADDED  2,6-LUTIDINE. 

(0.1013  M)  AND  ADDED  2 , 6-LUTIDINIUM  PERCHLORATE  (0.0987  M) 

RUN  2-50 


Varian  A- 

Internal 

60  NMR  Spectrometer 

Standard:  Ethylene  carbonate 

(0.4003 

M) 

T  ime 

(10~*  sec) 

Integration 

(t  4.5) 

Integration 

( Int .  Std . ) 

(a  -  x) 

Log  (a  - 

x)  106kt 
(sec-^ 

0 

29.0 

64  •  4 

.02000 

2. 3010 

2.745 

13.5 

44.6 

.01336 

*2.1258 

1.47 

.  4.320 

20 .0 

81.0 

.01090 

2.0374 

1.41 

6.O48 

12.0 

65.0 

.00838 

3.9232 

1.48 

7 . 236 

12.0 

73.0 

.00727 

3.8615 

1.60 

9.729 

9.4 

80.0 

.00520 

3.7160 

1.39 

6 

10  k 

0 

+  1 

r- 

iH 

II 

.  0  6 

av . 
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Figure  VIII.  Solvolysis  of  0.0200  M  phenacylethylmethyl- 

sulfonium  perchlorate  in  anyhdrous  methanol 
at  90.00°  with  added  2,6-lutidine  (0.1013  M) 
and  added  2 , 6-lutidinium  perchlorate  (0.0987  M) 


Run  2-50 . 
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TABLE  IV 

SOLVOLYSIS  OF  PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE  IN 
ANHYDROUS  METHANOL  (kt  OBTAINED  FROM  INITIAL  SLOPE  OF  THE 
LOG  (a  -  x)  VS  TIME  PLOT) 


Run 

Temperature 

r 

Sulf onium 

j  Lutidine"] 

Method 

P 

Pi 

r- 

0 

1 — 1 

Salt 

(sec  -1-) 

1-105 

90.00 

0.02 

Tit . 

8.6 

1-167 

90.00 

0.02 

T  it . 

9.1 

1-208 

70.00 

0.02 

Tit . 

0.92 

1-292 

90.00 

0.02 

n.m. r . 

9.0 

2-11 

90.00 

0.02 

0.06 

n  .  m .  r  . 

77 

2-50* 

90.00 

0.02 

0.10 

n.m. r . 

14 . 7-0 . 6 

The  reaction  medium  also  contains  2 , 6-lutidinium  per¬ 
chlorate  (  0.10  M  ).  The  rate  constant  was  not  obtained 
in  the  same  manner  as  the  others;  it  was  calculated  as  an 
average  ofthe  rate  constants  obtained  from  the  following 
equation : 


k 

t 


=  2.303 


log  _ a 


t 


a 


x 
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RACEMIZATION  STUDIES 


The  racemization  rates  were  studied  by  measuring  the 
change  of  rotation  with  time .  The  data  are  summarized  in 
Table  VII.  Incident  light  of  different  wavelengths  was 
employed  for  different  runs.  Using  shorter  wavelengths 
increases  the  optical  rotation  (Figure  IV  )  ,  thus  permitting 
greater  precision  in  rate  determinations.  The  first-order 
rate  constants  were  calculated  from  the  relationship: 


k  =  2.303  logcC-O^ 
u  ~<*  t 


where  0 (  is  the  optical  rotation  measured  after  ten  half- 
lives  of  racemization  (0.000-0.002)  and  (Xa  is  the  rotation  at 
time  t.  Reactions  were  usually  followed  to  cua.  80  per  cent 
completion  and  good  straight  lines  were  obtained  when  log 
(ot^-cX^.)  was  plotted  vs  time.  A  typical  example  of  a 
polarimetric  rate  analysis,  Run  1-249*  is  shown  in  Table  VI, 
with  the  corresponding  plot  of  log  (oC^-cX^)  illustrated  in 
Figure  IX. 

The  rate  constant,  k-^ ,  the  specific  first-order  rate 
constant  for  the  conversion  of  one  enantiomer  to  the  other 
as  illustrated  in  the  scheme  below 


Solvolysis  Products 
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TABLE  VI 

RAC EMI ZAT ION  OF  0.0200  M  ( - ) -PHENACYLETHYLMETHYLSULFONIUM 
PERCHLORATE  IN  ANHYDROUS  METHANOL  AT  50.00°  WITH  ADDED  PER¬ 
CHLORIC  ACID  (  2.99  x  10~'3  M  )  RUN  1-249 


Time  25 

4  0( 

(10  sec)  365 


log  (OC^-  0O 


6 

10  k 

-1 

(  sec 


<x 

) 


0 

-0 . 245 

1.389 

6.12 

-0.193 

1. 286 

3.89 

8.82 

-O.I76 

1. 246 

3.75 

14.76 

-0.141 

1.149 

3.75 

18.36 

-0.123 

1.090 

3.75 

24.12 

-0.102 

1.009 

3.63 

27.90 

-0.088 

2.944 

3.67 

32.04 

-0.074 

2. 869 

3.74 

36.72 

-0 . 064 

2 . 806 

3.66 

250.56 

0.000 

Average 


3.73  -  0.06 
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Figure  IX.  Racemization  of  .0  200  M  ( -0  -phenacylethylmethyl 

sulfonium  perchlorate  @  50  C  in  anhydrous 
methanol  in^the  presence  of  perchloric  acid 
(2.99  x  10-3  Run  1-249 
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can  be  calculated  from  the  observed  rate  constants  as  follows: 


k  —  2k  —  k  Os  ~  k 

r ac .  1  t 


Since  k^  is  so  small  compared  to  k^  (k^  =  6  00  1<^ )  ,  then  to 
an  excellent  approximation: 

k  ==  2  k-.  =  k  /-v 

rac.  1 

The  values  of  k^  are  also  presented  in  Table  VII. 

There  are  a  number  of  noteworthy  features  in  Table  VII. 

It  may  be  noted  that  the  polarity  of  the  solvent  has  only 
a  small  effect  on  the  racemization  rate.  Changing  the 
solvent  from  acetone  (Dielectric  constant  21.2)  to  methanol 
(Dielectric  constant  33*6)  results  in  only  a  17  per  cent  increase 
in  the  rate  of  racemization  (  Runs  1-95  and  1-245)*  It  may 
also  be  noted  that  the  presence  of  base  in  the  reaction 
medium  causes  a  marked  increase  in  the  racemization  rate. 

Even  the  small  amount  of  base  (0.0007  M)  present  in  Run  1-239 
causes  a  4*3  fold  increase  in  the  rate  of  racemization.  As 
the  base  concentration  increases  the  rate  increases  and  then 
levels  off  at  higher  base  concentrations  (Cf.  Runs  1-147 
and  2-53)-  From  Run  1-259  it  is  seen  that  the  presence  of 
even  a  weak  base  such  as  2,6-lutidine  results  in  a  large 
increase  in  the  reaction  rate.  This  behaviour  in  basic 
solution  is  again  associated  with  ylide  formation. 

Since  the  method  used  for  the  preparation  of  anhydrous 
methanol  (12)  may  result  in  a  trace  of  base  being  present  in 
the  form  of  ammonia,  Runs  1-237*  1-243*  1-245*  1-247  and  1-249 
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were  studied  with  added  acid.  The  acid  neutralizes  any  trace 
quantities  of  base  and  ensures  that  no  ylide  is  formed. 
Ultraviolet  spectra  of  the  sulfonium  salt  in  methanol  with 
various  concentrations  of  acid  indicate  that  the  presence 
of  0.003  M  perchloric  acid  in  the  above  runs  is  sufficient 
to  ensure  that  no  ylide  is  formed  (Experimental  section). 

Experiments  were  performed  to  ensure  that  the  excess 
loss  of  optical  activity  was  due  to  racemization  and  not 
decomposition  of  the  substrate.  A  methanolic  solution  of 
(  - ) -phenacylethy lmethyisulf onium  perchlorate  was  maintained 
at  70°  for  ten  half-lives  of  racemization.  The  crystals 
isolated  from  the  reaction  mixture  had  me Icing  point,  n.m.r. 
and  infrared  spectra  identical  with  those  of  the  racemic 
salt  (  Laboratory  notebook  ref.  1-256).  The  ultraviolet 
spectra  of  a  freshly  prepared  solution  of  the  sulfonium 
perchlorate  in  neutral  and  basic  solutions  were  taken.  In  the 
basic  medium  sufficient  base,  a  2-fold  excess,  was  added  to 
completely  convert  the  salt  to  the  ylide.  After  5  half-lives 
of  racemization  the  spectra  were  again  taken  in  the  same 
manner  as  above.  Within  experimental  error  the  corresponding 
initial  and  final  spectra  and  extinction  coefficients 
were  identical,  indicating  that  no  decomposition  of  the 
substrate  had  occurred  (  Laboratory  notebook  ref.  1-218). 
Details  of  these  experiments  are  given  in  the  Experimental 
section . 

The  racemization  rate  was  also  measured  in  the  presence 
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of  0.0 97  M  ethyl  methyl  sulfide  (Run  1-247)*  The  race- 
mization  rates  were  the  same,  within  experimental  error, 
in  the  presence  and  absence  of  sulfide. 


TABLE  VII.  THE  RAC EM I Z AT ION  OF  PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE  UNDER  VARIOUS 
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PRODUCT  ANALYSES 

The  solvolysis  of  phenacylethylmethylsulf onium  perchlorate 
produces  several  products.  Analyses  by  gas  chromatography 
indicate  the  formation  of  at  least  ten  products  (many  of  these 
in  trace  amounts  only) ;  thin  layer  chromatography  indicates 
upwards  of  twenty  products.  Only  the  major  products  were 
analyzed.  Isolation  of  products  was  accomplished  by  pre¬ 
parative  thin  layer  chromatography }  and  structures  assigned 
by  comparing  the  n.m.r.,  infrared  and  mass  spectra  of  the 
isolated  products  with  those  of  authentic  samples .  A 
comparison  of  retention  times  on  gas  chromatography  of  the 
isolated  and  authentic  samples  was  also  made. 

For  quantitative  analyses  by  gas  chromatography,  the 
solvolysis  products  were  concentrated  and  a  known  amount  of 
an  internal  standard  added.  The  area  of  each  component 
peak  relative  to  the  peak  area  of  the  internal  standard  was 
calculated.  This  information  was  used  in  conjunction  with  a 
set  of  calibration  curves  to  obtain  the  amount  of  each  component 
present  in  the  solution.  A  detailed  account  of  this  method  is 
given  in  the  Experimental  section. 

The  major  products  of  methanolysis  of  phenacylethyl¬ 
methylsulf  onium  perchlorate  are  2-methylthioacetophenone  and 
2-ethylthioacetophenone ,  produced  in  the  amounts  of  47  and  18 
mole  per  cent  respectively.  Other  products  were  produced  in 
much  smaller  amounts  and  quantitative  analyses  were  not  made 


for  them. 
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With  a  three  fold,  molar  excess  of  2,6-lutidine  present 
during  the  solvolysis  the  major  products  produced  were 
2-methylthioacetophenone ,  2-ethylthioacetophenone ,  methyl 
benzoate  and  acetophenone.  These  were  produced  in  the  amounts 
of  11,  8,  20,  and  11  mole  per  cent  respectively. 

It  was  considered  possible  that  2-ethylthiopropiophenone 
could  be  formed  under  our  solvolysis  conditions',  as  a  result 
of  a  Stevens  rearrangement  (13): 


Me  '  CH3 


This  material  was  synthesized  and  shown  to  be  stable  for  at 
least  six  days  in  refluxing  methanol  containing  sodium 
methoxide.  It  was  also  shown  to  be  stable  under  the  conditions 
used  for  analyses  by  gas  chromatography.  Studies  on  the 
reaction  solution  by  n.m.r.  spectroscopy  and  gas  chromatography 
clearly  showed  that  2-ethylthiopropiophenone  is  not  produced 
in  the  solvolysis  reactions  in  the  presence  or  absence  of 
added  2 , 6-lutidine . 

OC  -Ethylthiomenhoxystyrene  is  formed  by  refluxing 
ethylmethylsulf onium  phenacyiide  in  water  for  4^  hours.  Ratts 
and  Yao  (14)  report  the  formation  of  similar  products  when 
they  allowed  aqueous  or  methanolic  solutions  of  various  ylides 
to  reflux  for  several  hours.  Conceivably  }  o(-ethylthiometh- 
oxystyrene  was  formed  under  our  reaction  conditions;  this 
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material  was  also  synthesized.  It  was  shown  to  be  stable 
under  the  conditions  used  for  analyses  by  gas  chromatography. 
Studies  on  the  reaction  solution  by  n.m.r.  spectroscopy  and 
gas  chromatography  showed  that  OC -ethylthiomethoxystyrene 
is  not  produced  in  the  solvolysis  reactions  in  the  presence 
or  absence  of  2 , 6-lutidine . 

(P  Ethyl  methyl  sulfide  was  considered  a  possible  product 
from  our  solvolysis  reaction  by  a  reaction  such  as  the 
following : 


An  analysis  by  gas  chromatography  indicated  that  the  solvolysis 
reaction  produces  at  most  1  per  cent  of  ethyl  methyl  sulfide. 


DISCUSSION 


Phenacylethylmethylsulf onium  perchlorate  racemizes  600 
times  faster  than  it  solvolyzes  in  methanol  at  70°. 

Racemic  starting  material  was  recovered  in  88  per  cent 
yield  when  optically  active  sulfonium  salt  was  allowed  to 
react  in  methanol  for  10  half-lives  of  racemizat ion .  A  more 
quantitative  result  was  obtained  by  an  ultraviolet  analysis 
in  which  it  was  shown  that  no  loss  of  absorbance  of  the 
starting  material  was  found  after  5  half-lives  of  racemizat ion . 
Therefore  the  loss  of  optical  activity  is  due  to  racemization 
of  the  sulfonium  salt  and  does  not  result  from  its  decomposition. 
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A  number  of  mechanisms  could  conceivably  account  for 
the  racemization  of  the  sulfonium  salt.  It  was  shown  by 
Kenyon  et  al  (8)  that  racemization  of  the  sulfonium  iodide 
involved  a  displacement  of  ethyl  methyl  sulfide  by  a  re¬ 
versible  nucleophilic  attack  on  carbon  by  the  anion  as  shown 
below : 


This  cannot  account  for  the  excess  racemization  in  sulfonium 
perchlorate  salts  because  the  perchlorate  anion  is  non- 
nucleophilic  and  will  not  displace  the  sulfide  group.  Race¬ 
mization  could  involve  a  displacement  of  ethyl  methyl  sulfide 
by  another  molecule  of  ethyl  methyl  sulfide  generated  by 
solvolysis  of  the  sulfonium  salt: 


From  Table  VI  it  may  be  seen  that  the  rates  of  racemization  in 
the  presence  of  a  five  molar  excess  of  ethyl  methyl  sulfide 
and  in  its  absence  are  identical  within  experimental  error. 
Consequently  this  mechanism  cannot  account  for  the  racemization „ 
Heterolytic  carbon-sulfur  bond  cleavage  and  recombination  to 
yield  racemic  salt  has  been  considered  and  rejected  as  a 
racemization  mechanism  for  the  t-butylethylmethylsulf onium 


' 


34 


salts.  Such  a  mechanism  would  be  even  more  unfavourable  for 
phenacylethylmethylsulf onium  salts.  An  alternative  scheme 
for  racemization  would  be  homolysis  of  the  carbon-sulfur 
bond  with  subsequent  recombination  to  yield  racemic  salt  as 
shown  below: 


Pyramidal  inversion  about  the  central  sulfur  atom  would  also 
be  a  highly  possible  mechanism  for  racemization.  Since  this 
mechanism  has  been  found  to  account  for  the  major  amount  of 
racemization  in  other  sulfonium  salt  systems  (9-ll),  it  may 
account  for  the  racemization  in  this  system  as  well. 

A  distinction  between  these  latter  two  mechanisms  may 
be  made  by  examining  the  decomposition  products.  If  bond 
homolysis  is  to  account  for  racemization,  then  products  of 
free  radical  reactions  should  be  observed.  Acetophenone 
would  be  the  most  likely  product  to  be  formed  from  such  a 
reaction.  The  decomposition  reaction  produces  2-methyl- 
thioacetophenone  and  2-ethylthioacetophenone  in  65  per  cent 
yield.  No  trace  of  acetophenone  is  formed.  Even  if  one 
assumed  that  all  the  rest  of  the  decomposition  products 
resulted  completely  from  free  radical  reactions,  only  35 
per  cent  of  the  total  products  would  have  arisen  from  such 
reactions.  Since  racemization  is  600  times  faster  than 
solvolysis,  this  assumption  requires  carbon-sulfur  bond 
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heterolysis  and  recombination  to  occur  1800  times  with  only 
one  of  these  cleavages  resulting'  in  free  radical  products. 

It  should  be  borne  in  mind  that  1800  is  a  minimum  figure 
since  it  inherently  assumes  that  all  of  the  unidentified 
products  have  come  from  free  radical  reactions.  Since  the 
species  resulting  from  carbon-sulfur  bond  homolysis  would  be 
highly  reactive  and  not  this  selective^  this  mechanism  cannot 
account  for  the  racemization  of  phenacylethylmethylsulf onium 
perchlorate. 

This  leaves  only  one  mechanism  which  can  account  for  the 
racemization,  pyramidal  inversion  about  the  sulfur  center. 

It  is  not  clear  how  the  decomposision  products,  2-methyl- 
thioacetophenone  and  2-ethylthioacetophenone ,  are  formed,  but 
their  formation  can  be  at  least  formally  represented  by  the 
following  equations: 


The  decomposition  of  the  sulfonium  salt  in  the  presence 
of  2,6-lutidine  was  shown  to  result  in  the  products  2-methyl- 
thioacetophenone ,  2-ethylthioacetophenone,  methyl  benzoate 


' 
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and  acetophenone  in  the  amounts  of  11,  8,  20,  and  11  mole 

per  cent  respectively.  Comparing  the  decomposition  of  the 
sulfonium  salt  in  the  presence  and  absence  of  2 , 6-lutidine , 
the  difference  in  products  and  the  large  difference  in  the 
rates  of  decomposition.  Table  IV,  clearly  indicates  that  the 
two  reactions  follow  different  pathways  for  cleavage. 

Benzy lethylmethylsulf onium  perchlorate  and  p-nitro- 
benzylethylmethylsulf oniuni  perchlorate  were  found  to  racemize 
ca.  twice  as  fast  as  phenacylethylmethylsulf onium  perchlorate 
(ll).  It  would  be  expected  that  the  non-bonded  interactions 
would  be  approximately  the  same  for  the  benzyl  systems  and 
the  phenacyl  system,  so  that  the  difference  in  rates  would 
not  be  due  to  steric  effects.  The  difference  may  be  due  to 
the  large  difference  in  the  inductive  effects  of  the  benzyl 
or  p-nitrobenzyl  and  the  phenacyl  groups.  However,  such  a 
small  rate  difference  indicates  that  the  inductive  effect  on 
the  rate  of  racemization  of  sulfonium  salts  is  very  small,  if 
present  at  all. 

t-Butylethylmethylsulf onium  and  1-substituted  t-butyl- 
ethylmethylsulf onium  salts  racemize  much  faster  than  phen¬ 
acylethylmethylsulf  onium  salts  (9).  This  is  consistent  with 
the  t-butyl  group  being  much  larger  than  the  phenacyl  group 
and  causing  a  steric  acceleration  of  the  rate. 
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ACTIVATION  PARAMETERS 


To  determine  the  effect  of  temperature  on  the  rates  of 
soivolysis  and  racemization  of  phenacylethylmethylsulf onium 
perchlorate  in  methanol,  the  Arrhenius  equation  was  used: 


,  »  _Ea/RT 

k  =  Ae  ' 

U- 

X 

The  heat  of  activation,  /\  H  ,  for  reactions  in  solution  is 
given  by  (15) : 

AH'  =  Ea  -  RT 

v 

The  entropy  of  activation,  A S  ,  is  obtained  from  the  equation 

(15): 

*  * 

A  H  /RT 


k  =  K  kBT/h  x  e^S 


x  e 


where  kQ  is  Boltzman’s  constant,  h  is  Planck’s  constant  and 
K  is  the  fraction  of  the  transition  state  species  which  leads 
to  products.  For  solvolysis,  K;  is  assumed  to  be  unity.  For 
racemization,  where  k  is  k^ ,  the  specific  first-order  rate 
constant  for  the  conversion  of  one  enantiomer  to  the  other, 
the  planar  transition  state  should  lead  to  one  enantiomer  as 
favourably  as  it  leads  to  the  other  one.  For  this  reason,  ir{ 
is  assumed  to  be  0.5  when  calculating  the  entropy  of  activation 
for  racemization.  The  entropy  of  activation,  AS  ,  is  therefore 
given  by  the  following • equation : 

if  "I  r\  "if 

A  ST  =  4.576  log  k  -  log  (2.083  x  10XWK  T)  +  A  H 

4.576  x  10~°T 


e .  u. 


38 


The  values  calculated  for  the  enthalpy  and  entropy  of 
activation  for  the  racemization  and  solvolysis  of  phenacyl- 
ethylmethylsulf onium  perchlorate  at  70°  in  methanol  are  as 
follows : 


Solvolysis : 

&  H  ' 

=  27. t 

3  kcal/moie 

AS* 

_  4- 

=  -111 

11  e . u . 

Racemization  : 

&  H  T 

-  29. ot 

.5  kcal/mole 

+  1 

• 

li 

.6  e . u . 

The  errors  in  the  rate  constants  for  the  solvolysis  of  the 
sulf onium  salt  are  very  large.  Hence,  the  activation 
parameters  for  the  solvolysis  reaction  are  at  best  only 
approximations . 
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EXPERIMENTAL 

PHYSICAL  MEASUREMENTS 

All  melting  points  were  obtained  using  a  Hershberg-type 
melting  point  apparatus  and  a  set  of  Anschutz  thermometers. 

All  values  are  uncorrected. 

Refractive  indices  were  obtained  on  a  Bausch  and  Lomb 
Abbe  3L  Refractometer;  maintained  at  a  constant  temperature 
by  means  of  a  water  jacket  attached  to  a  constant  temperature 
bath . 

Nuclear  magnetic  resonance  spectra  were  recorded  on  a 
Varian  Analytical  Spectrophotometer  Model  A-60 . 

Infrared  spectra  were  recorded  on  a  Perkin-Elmer  Recording 
Infrared  Spectrophotometer  Model  421. 

Ultraviolet  and  visible  spectra  were  obtained  using  a 
Perkin-Elmer  Ultraviolet-visible  Spectrophotometer  Model 
202.  A  Beckman  DU  Spectrophotometer  Model  2400  was  employed 
where  precise  absorbance  values  were  required. 

Optical  rotation  measurements  were  obtained  on  a  Perkin- 
Elmer  Polarimeter  Model  141* 

Gas  chromatographic  analyses  were  made  on  a  Varian 
Aerograph  Model  A  90-P3* 

Elemental  analyses  were  performed  by  Mrs.  D.  Mahlow  and 


Mrs.  A.  Dunn. 
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SOLVENTS 

Anhydrous  methanol 

Anhydrous  methanol  was  prepared  by  Lund  and  Bjerrum's 
method  from  commercially  available  reagent  methanol  (max. 
water  0.02%)  by  treatment  with  magnesium  methoxide  as 
described  by  Fieser  (12),  b.p.  63°  at  705  mm.  A  Karl  Fischer 
titration  ( 16 )  was  performed  and  showed  that  the  solvent 
contained  less  than  0.001  per  cent  water. 

Anhydrous  acetone 

Drierite  (non-indicating,  1  lb.)  was  placed  in  a  clean, 
dry  flask  and  1  liter  of  Shawinigan  Reagent  Grade  acetone 
added.  The  flask  was  stoppered  and  the  contents  shaken 
occasionally  for  4  hours.  The  pure,  dry  acetone  was 
fractionally  distilled,  discarding  the  first  200  ml.  of 
distillate,  b.p.  55°  at  7i0  mm.  The  water  content  of  the 
acetone  was  determined  by  Karl  Fischer  titration  using 
anhydrous  pyridine  as  the  solvent  as  suggested  by  Smith, 
Fainberg  and  Winstein  (17)*  The  solvent  was  found  to 
contain  0.01  per  cent  water. 

Anhydrous  pyridine 

Eastman  Karl  Fischer  Grade  pyridine  was  stored  over 
potassium  hydroxide  in  a  dark  bottle. 
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REAGENTS  AND  MATERIALS 

2 , 6 -Lutidine 

Eastman  Practical  Grade  2,6-lutidine  was  dried  over 
potassium  hydroxide  for  several  days ,  followed  by  refluxing 
over  and  distillation  from  barium  oxide  as  described  by 
Fieser  for  the  preparation  of  anhydrous  pyridine  (19).  The 
center  cut  from  this  distillation  was  treated  with  boron 
trifluoride  as  described  by  Brown  et  a_l  (20).  Pure  2 , 6-lutidine 
was  then  fractionally  distilled  from  this  mixture  (b.p.  139-141 
at  705  mm.).  n^2^  1.4954  (reported  (20):  b.p.  143  at  760  mm., 

nD25  1.4953). 

Standard  sodium  methoxide  solution  for  titrations 

A  weighed  amount  of  freshly  cleaned  sodium  was  added  to 
one  gallon  of  Shawinigan  Reagent  Grade  methanol.  The  resulting 
solution  was  standardized  with  Fisher  Certified  Primary 
Standard  potassium  hydrogen  phthalate  in  water  using 
phenolphthalein  as  indicator.  Restandardization  showed  the 
solution  to  be  stable  for  at  least  two  years  when  it  is  stored 
in  a  tightly-stoppered  dark  bottle. 

Ethyl  methyl  sulfide 

Eastman  Kodak  ethyl  methyl  sulfide  was  used  directly 
without  further  purification. 

Phenacyl  bromide 

Eastman  Kodak  phenacyl  bromide  was  used  directly  without 


further  purification. 


. 


■ 
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Phenacylethylmethylsulf onium  bromide 

Phenacylethylmethylsulf onium  bromide  was  prepared  in  a 
manner  similar  to  that  used  by  Smiles  (7)  by  dissolving 
phenacyl  bromide  (23.1  gm. ;  0.116  moles)  in  5b  ml.  of  acetone 
and  adding  this  to  ethyl  methyl  sulfide  (8.8  gm. ^  0.116  moles). 

This  mixture  was  allowed  to  stand  in  the  dark  at  room  temp¬ 
erature  for  hours.  A.  large  excess  of  ether  was  added  to 
the  acetone  solution,  and  this  mixture  placed  in  the  freezer 
for  two  days.  The  resulting  crystals  were  filtered,  washed 
with  ether,  and  recrystallized  from  methanol-ether  to  yield 
23.2  gm.  ( 73 %)  of  pure  phenacylethylmethylsulf onium  bromide. 

M.p.  89-90  (dec.).  N.m.r.  (CDClo):  (  X  )  2.4  (m,  5h)  ; 

o 

3.80  (s,d,2H),  6.15  ( q , d , J  =  7.5  cps,  2H),  6.78  (s,  3H) ,  8. 60 
(t,  J  =  7-5  cps,  3H).  Infrared:  3060,  3005,  3000-2800  (several), 
1678,  1665,  1590,  1575,1210,  755,  and  680  cm-1. 

Anal.  Calcd  for  C-^H-^OBrS  :  C,  48. 01;  H,5*41 
Found:  C, 47*83,  47.53;  H,  5* 76;  5.91 

(  _ ) -2R  ,  3R--DibenzoyItartar ic  acid  monohydrate 

From  200  gm.  (1.3  moles)  of  (+) -2R, 3R-tartaric  acid  was 

obtained  385  gm.  (78  per  cent)  of  ( -) -2R, 3R-dibenzoyltartaric 

acid  monohydrate,  using  the  method  described  by  Butler  (18). 

M.P.  83-85°  (reported  (18):  88-89°).  -114.3  (c  =  0.28, 

methanol );  reported  (18):  — 116.0;  (21)  —114*8.  N.m.r.  (CDCl^): 

X  4.07  (s,  2H),  2.6  (m, 6h) ,  2.0  (m,  4h),  1.17  (s,  4H) . 

Infrared  :  3600-2500,  1740,  1608,  1590,  1495,  1458,  1250,  1x10, 

1093  and  710  cm"^ .  Ultraviolet  (ethanol)  :  "X  230  mu  (log  £4.40). 

max 
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Anal.  Calcd  for  ClgHl609  :  C,  57-45  ;  H,  4-29 
Found  :  C,  57-38,  57-12  ;  H,  4-32,  4-18 

( - ) -Phenacylethylmethylsulf onium  2R , 3R-dibenzoylhydro~ 

gent art ar ate 

Phenacylethylmethylsulf onium  bromide  (31-55  gm.,  0.115 
moles)  was  dissolved  in  the  minimum  amount  of  methanol  and 
passed  through  a  Dowex  1-X8  anion  exchange  column  in  its 
hydroxide  form,  using  methanol  as  the  eluent.  The  effluent 
was  received  in  a  flask  containing  ( -) -2R,  3R-dibenzoyltartar>ic 
acid  monohydrate  (42.9  gm.,  0 . 114  moles).  When  elution  was 
complete  (determined  by  testing  the  effluent  for  base  using 
phenolphthalein  as  indicator) ,  the  solution  was  concentrated 
to  300  ml.,  filtered  and  placed  in  the  freezer  for  one  day. 

The  resulting  solution  and  crystals  were  separated,  the  crys¬ 
tals  washed  with  ether  and  recrystallized  from  methanol  to 
yield  12.75  gm-  (20  per  cent)  of  ( - ) -phenacylethylmethylsul- 

fonium  2R , 3R-dibenzoylhydrogentart arat e .  M.p.  138-138.5  (dec), 

r  "1 25 


-88.2  (c=0.443j  methanol).  N.m.r.  ( dimethylsulf oxide-d^ 


) 


~  2 . 35  (m,  17H),  4-36  (s,  2H),  6.63  (q,  J  =  7  cps,  3H) ,  7-10 
(s,  3H) ,  8.69  (t,  J  =  7  cps,  3H) .  Infrared:  3060,  3030,  2960, 
2905,  1710,  1590,  1450,  1265,  748  and  710  cm"1. 

Anal .  Calcd.  for  £29^28^9^  :  C,  63. 03,  H,  5-12,  S,  5-80 

Found:  C,  63.16,  63-29;  H,  5-39,  5-03;  S,  5-66,  6.07. 


( dl) -phenacylethylmethylsulf onium  perchlorate 
(dl) -phenacylethylmethylsulf onium  bromide  (23  gm. ,  O.O84 
moles)  was  dissolved  in  the  minimum  amount  of  methanol  and 

passed  through  a  Dowex  1-X8  anion  exchange  column  in  hydroxide 
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form ,  using  methanol  as  the  eluent.  The  effluent  was  received 
in  a  flask  containing  11.2  gm.  of  60  per  cent  perchloric  acid 
(O.O67  moles  of  HCIO^).  When  elution  was  complete  (determined 
in  the  same  manner  as  above) ,  the  solution  was  concentrated 
to  100  ml . ,  filtered,  ether  added  to  the  cloud  point  and  the 
solution  placed  in  the  freezer  overnight.  The  resulting  crys¬ 
tals  were  recrystallized  twice  from  acetone-ether  and  dried 
in  vacuo  over  phosphorous  pentoxide  to  yield  17-7  gm.  (  90 
per  cent)  of  pure  ( dl) -phenacylethylmethylsulf onium  perchlorate. 
M.p.  143.5-145°.  N.m.r.  (dimethylsulf oxide-d^ ) :  *0  2.15  (m,  5h) , 
4.56  (s,  2H),  6.56  (q,  J  =  7.5  cps,  2H),  7-03  (s,  3H) ,  8.57 
(t,  J  =  7-5  cps,  3H)0  N.m.r.  (CF3COOH) :  X  2.2  (m,  5H) ,  4-75 
(s,  2H),  6.43  (m,  2H),  6.91  (s,  3H) ,  8.38  (t,  J  =  7-5  cps,  3H) . 
Infrared:  3010,  2980,  2940,  1675,  1590,  1445,  1220,  1150-1050 
(broad),  750  and  680  cm  ^ . 

( - ) -Phenacylethylmethylsulf onium  perchlorate 

( - ) -Phenacylethylmethylsulf onium  2R , 3R-dibenzoy lhydro- 
gentartarate  (13*5  gm. ,  0.025  moles)  was  dissolved  in  the  min¬ 
imum  amount  of  methanol  and  passed  through  a  Dowex  1-X8  anion 
exchange  column  in  its  hydroxide  form,  using  methanol  as  the 
eluent.  The  effluent  was  received  in  a  flask  containing  3*75 
gm.  of  60  per  cent  perchloric  acid  (0.0225  moles  of  HC10^) . 

The  remainder  of  the  workup  was  carried  out  in  a  manner  similar 
to  that  used  for  the  (dl)-salt  to  yield  6. 50  gm.  (98  per  cent) 
of  pure  (-) -phenacylethylmethylsulf onium  perchlorate.  M.P. 


144-144.5°. 

sulf oxide-d , 
6 

2H),  7.06  (3 


r  -T25 

oc 

-  JD 

):  T  2 


,  3H), 


-10.8  (c=0.5,  methanol). 
2  (m,  5H),  4.50  (s,  2H), 
8.59  (t,  J  =  7  cps,  3H), 


N.m.r.  (dimethyl- 

6.59  (q,  J  =  7  cps. 
Infrared:  3010, 
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2980,  1670,  1590,  1440,  1210,  1110,  1100,  750  and  680  cm  . 

Anal.  Calcd.  for  C-^H-^-ClO^S:  C,  44.82  ;  H,  5*13 
Found:  C,  45.05,  44.95;  H,  5.16,  5. 40. 

2 -Met hy It hi o acetophenone  (Phenacyl  methyl  sulfide) 
2-Methylthioacetophenone  was  prepared  using  Wahl*s  method 

(22) .  Freshly  cleaned  sodium  (4.2  gm.,  0.18  moles)  was  dis¬ 
solved  in  absolute  ethanol  (200  ml.)  and  methanethiol  (8.78gm., 
0.18  moles),  which  had  been  cooled  to  -70°,  was  added  to  this 
solution.  Phenacyl  bromide  (35.8  gm. ,  0.18  moles)  was  dissolved 
in  the  minimum  amount  of  absolute  ethanol  and  added  to  the 
above  solution.  The  resulting  mixture  was  allowed  to  gradually 
come  to  room  temperature  with  stirring  and  then  stirred  for 
another  15  minutes.  The  sodium  bromide  was  filtered  off  and 
the  solution  refluxed  for  15  minutes.  Solvent  was  removed  on 
the  rotary  evaporator,  water  added  to  the  residue  and  the 
mixture  extracted  with  ether.  The  ether  extract  was  washed  with 
water,  dried,  the  ether  removed  by  distillation  and  the  re¬ 
sulting  oil  distilled  under  vacuum  to  yield  12  gm.  (40  per  cent) 

of  2-methylthioacetophenone .  B.p.  105°  at  0.7  mm.  (reported 

o  25 

(23)  b.p.  100-105  at  0.4  mm.),  n  1.5820.  N.m.r0  (CCl^): 

D 

'L  2.10  (m,  2H),  2.55  (m,  3H) ,  6 . 40  (s,  2H) ,  7-97  (s,  3H) , 

Infrared:  31 00-3000  (several),  2980,  2920,  I67O,  1595,  1445, 

-1 

1270,  1015,  766,  680  and  64O  cm 

2 -Ethy It hio acetophenone  (Phenacyl  ethyl  sulfide) 
2-Ethylthioacetophenone  was  prepared  according  to  the 
method  described  for  the  preparation  of  2-methylthioaceto- 
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phenone .  From  sodium  (3*6 0  gm.  ^  0.157  moles),  ethanethiol 

(9*72  gm.  ,  0.157  moles)  and  phenacyl  bromide  (31.15  gm. ,  0.157 

moles)  was  obtained  25  gm.  (87  per  cent  yield)  of  2-ethylthio- 

o  25 

acetophenone.  B.p.  96  at  0.7  mm.  n  =  I.5685.  N.m.r.  (CC1,): 

D  4 

6*2.15  (m,  2H),  2.7  (m,  3H) ,  6.42  (s,  2H)  ,  7-53  (q,  J  =  7cps, 
3H).  Infrared:  3080,  3050,  2960,  2920,  2860,  1670,  1590,  1575, 
1440,  1270,  1005,  715,  680  and  63O  cm"1. 

2 -Bromopr op io phenone 

2-Bromopropiophenone  was  prepared  by  the  method  of 
Higginbotham,  Lapworth  and  Simpson  (24)  by  adding  bromine 
(15.6  gm.,  O.O98  moles)  to  a  solution  of  propiophenone ( 13 . 1 
gm.,  O.O98  moles)  in  50  ml.  of  anhydrous  ether  at  0°  with 
stirring.  When  addition  of  bromine  was  complete,  the  reaction 
mixture  was  allowed  to  come  to  room  temperature,  and  stirring 
was  continued  for  1-^  hours .  The  ether  was  removed  by  distil¬ 
lation  through  a  70  cm.  Vigreux  column,  and  the  residue  dis¬ 
tilled  under  vacuum  to  yield  13.8  gm.  (66  per  cent)  of  pure 
2-bromopropiophenone .  B.p.  76-77°  at  0.8  mm.  (reported  (24) 

b.p.  110-124  at  4  mm.)  N.m.r.  (CC1  ):  1.95  (m,  2H)  ,  2.5 

4 

m,  3H),  4-75  (q,  J  =  6.5  cps,  1H) ,  8 . 18  (d,  J  =  6.5  cps,  3H) . 
2-Ethylthiopropiophenone 

2-E thy lthiopropiophenone  was  prepared  by  the  method 
described  by  Prelog  et  al  (25)  by  adding  2-bromopropiophe¬ 
none  (13.8  gm.,  0.065  moles)  to  a  solution  of  sodium  ethyl 
mercaptide  (0.065  moles)  in  absolute  ethanol.  When  addition 
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was  complete j  the  reaction  mixture  was  refluxed  for  7  hours 
and  then  allowed  to  stand  overnight  at  room  temperature.  The 
sodium  bromide  was  removed  by  filtration,  most  of  the  etha¬ 
nol  removed  by  distillation  and  water  added  to  the  residue. 
The  aqueous  mixture  was  ether  extracted  several  times,  and 
the  combined  ether  extractions  washed  with  water,  dilute 
sodium  hydroxide,  water  again  and  then  dried.  The  ether  was 
removed  by  distillation  through  a  70  cm.  Vigreux  column,  and 
the  residue  vacuum  distilled  to  yield  11  gm .  (88  per  cent) 

of  pure  2-ethylthiopropiophenone .  B.p.  100°  at  1.0  mm. 
(reported  (25)  b.p.  100-102°  at  0.3  mm.)  N.m.r.  (CCl^):£l.95 
(m,  2H ) ,  2.50  (m,  3H) ,  5-73  (q,  J  =  cps,  1H) ,  7-55  (m,2H), 
8.48  (d,  J  =  7  cps,  3H),  8.86  (t,  J  =  7-5  cps,  3H) . 

CX -Ethylthiomethoxystyrene 

OC-Ethylthiomethoxystyrene  was  prepared  by  the  method 
described  by  Ratts  and  Yao  (14)  by  refluxing  phenacy lethyl- 
methylsulf onium  bromide  (55-7  gm.,  0.2  moles)  in  an  aqueous 
solution  of  5  per  cent  sodium  hydroxide  (165  ml.,  0.2  moles) 
for  5  hours.  The  solution  was  cooled  and  extracted  twice 
with  ether.  The  combined  ether  extracts  were  washed  with 
water,  dried,  the  ether  removed  by  distillation  through  a 
70  cm.  Vigreux  column  and  the  residue  vacuum  distilled.  B.p. 
82-84°  at  0.7  mm.  This  product  was  found  to  be  composed  of 
two  major  components  and  one  minor  component  by  gas  chroma¬ 
tography.  These  were  separated  by  preparative  gas  chroma- 
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tography  on  a  Carbowax  1500  column  at  170°.  The  two  major 
products  were  identified  as  2-mechylthioacetophenone  and 
c<-ethylthiomethoxystyrene ,  present  in  the  mixture  in  ca . 

40  per  cent  and  60  per  cent  respectively.  The  following 
spectral  data  is  for  £>C-ethylthiomethoxystyrene .  N.m.r. 

(CC14):  T  2.65  (m ,  5H) ,  5-05  (s,  2H)  ,  5-31  (d,  J  =  3  cps, 
1H),  5.83  (d,  J  =  3  cps ,  IK),  7.31  (q,  J  =  7-5  cps ,  2H)  , 

8.68  (t,  J  =  7-5  cps ,  IK).  Infrared:  3080,  3060 ,  3030,  2970, 
2920,  2870,  1687,  1595,  1445,  1270,  1260,  1110,  1010,  695 

and  685  cm-^. 

Ethylene  carbonate 

Eastman  Kodak  Practical  Grade  ethylene  carbonate  was 

purified  by  fractional  distillation  in  vacuo.  B.p.  125-127° 

at  16.5  mm.  (reported  (26)  b.p.  236°  at  76O  mm.)  m.p.  39° 

(reported  (26)  m.p.  39°).  N.m.r.  ( CDC1  ) :  2*  5 . 44  (s). 

o 
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Racemizat ion  of  ( - ) -phenacylethylmethylsulf onium  perchlorate 

Run  1-256 

A  solution  of  0.295  gm.  of  ( - ) -phenacylethylmethyl- 

sulfonium  perchlorate  in  50  ml.  of  anhydrous  methanol  was 

prepared  —  -0 . 248i  0.002).  This  solution  was  placed 

in  a  constant  temperature  bath  at  70*00  i  0.02°  for  2 7  hours 

(ten  half-lives  of  racemizat ion)  at  which  time  the  rotation 

had  decreased  to  =  0.000^  0U00 2.  Ether  was  added  to 

3op 

this  solution  to  the  cloud  point  and  the  solution  placed  in 
the  freezer  for  one  day.  The  resulting  white  crystals  were 
filtered,  washed  with  ether  and  dried  in  vacuo  over  phosphorous 
pentoxide,  yielding  0.259  gm.  (88%)  of  phenacylethylmethyl- 
sulfonium  perchlorate.  The  melting  point  (143*5-145°),  as 
well  as  n.m.r.  and  infrared  spectra  indicated  that  the 
recovered  material  was  racemic  phenacylethylmethylsulf onium 
perchlorate . 

Racemization  of  (-) -phenacylethylmethylsulf onium  perchlorate 

Run  1-218 

A  solution  of  0.8843  gm.  of  (-) -phenacylethylmethyl- 
sulfonium  perchlorate  in  100  ml.  of  anhydrous  methanol  was 
prepared.  A  1  ml.  portion  of  this  solution  was  diluted  to 
250  ml.  and  an  ultraviolet  spectrum  using  anhydrous  methanol 
as  a  blank  was  obtained  (log  £  =  4 . 10 ,  ^  =  250  mu).  Another 
1  ml.  portion  of  the  initial  solution  was  diluted  to  250  ml. 
with  anhydrous  methanol  and  sodium  methoxide;  such  that  the 
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resulting  solution  was  10  “  M  in  sodium  methoxide.  An 

ultraviolet  spectrum  of  this  solution  was  obtained  using 

_  2 

10  ~  M  sodium  methoxide  in  anhydrous  methanol  as  a  blank 
(  log  £  =  4-03,  297  mu).  The  remaining  portion  of  the 

solution  was  maintained  at  70.00  Z  .02°  for  5  half-lives  of 
racemization .  At  this  time  ultraviolet  spectra  were  again 
taken,  using  the  procedures  described  above  (log  t  —  4*10, 

/\  =  250  mu;  log  6  -  4.03,  \  =  297  mu). 

KINETICS 

TITRIMETRIC  RATES 

The  sulfonium  salt  was  accurately  weighed  in  a  tared 
volumetric  flask,  and  approximately  half  the  required  amount 
of  solvent  added.  The  flask  was  shaken  vigourously  until  all 

r 

the  salt  was  dissolved  (  ca.  15  minutes),  and  the  solution 
was  diluted  to  the  mark.  The  solution  was  equilibrated  by 
shaking  the  flask  50  times. 

Aliquots  of  this  solution  (5.5  ml.)  were  transferred 
to  partially  drawn  out  test  tubes  (15  x  125  mm.)  which  had 
been  previously  soaked  overnight  in  a  hot  soap  solution, 
rinsed  eight  times  with  distilled  water,  and  then  dried  over¬ 
night  in  an  oven  at  120°.  The  test  tubes  were  sealed  and 
placed  in  a  constant  temperature  oil  bath;  90.00  ^  0.02  or 
70.00  ^  0.02°  C.  At  appropriate  intervals  of  time  the 
ampoules  were  withdrawn  from  the  bath  and  shaken  vigourously 
in  an  ice-methanol  bath  for  30  seconds  in  order  to  quench  the 
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reaction.  The  first  point  was  taken  at  least  5  minutes  after 
the  ampoules  had  been  placed  in  the  bath  in  order  to  ensure 
temperature  equilibration.  Infinity  measurements  on  the  re¬ 
actions  at  90°  were  taken  after  10  half-lives  of  solvolysis. 

The  ampoules  were  allowed  to  equilibrate  to  25°  in  a 
constant  temperature  bath  for  5  minutes  before  being  opened. 
Using  a  calibrated  automatic  pipette  a  5  ml.  aliquot  was 
removed  and  delivered  into  a  50  ml.  Erlenmeyer  flask  containing 
25  ml.  of  absolute  ethanol.  Each  sample  was  titrated  for 
acid  with  a  standard  solution  of  sodium  methoxide  in  methanol 
using  bromphenol  blue  as  the  indicator.  This  particular 
indicator  was  chosen  so  as  to  have  the  end  point  in  the 
acidic  region.  Above  pH  7  it  was  found  that  one  not  only 
titrated  the  acid  which  had  been  produced,  but  the  sulfonium 
salt  as  well. 

RATES  STUDIED  BY  NUCLEAR  MAGNETIC  RESONANCE  SPECTROSCOPY 

A  standard  solution  of  the  racemic  sulfonium  salt  was 
prepared,  containing  a  standard  amount  of  2,6-lutidine  and/or 
2 , 6-lutidinium  perchlorate  if  required.  The  solution  was  trans¬ 
ferred  in  cjx.  21  ml.  aliquots  to  ampoules,  the  ampoules  sealed, 
and  placed  in  a  constant  temperature  oil  bath  as  described  for 
the  titrimetric  rate  analyses. 

Reactions  were  quenched  in  an  ice-methanol  bath  as 
described  above,  equilibrated  to  25°,  opened,  and  a  20  ml. 
aliquot  transferred  to  a  round-bottom  flask  by  means  of  a 
calibrated  automatic  pipette.  If  the  reaction  mixture  did 


. 


52 


not  contain  2 , 6-lut idine ,  a  5  ml.  aliquot  of  0.08  M  2,6-lutidine 
in  methanol  was  added  at  this  time .  Solvent  was  removed  on  a 
rotary  evaporator  and  the  residue  dissolved  in  1  ml .  of  0.40  M 
ethylene  carbonate  in  dimethylsulf oxide-d^ .  A  nuclear 
magnetic  resonance  spectrum  was  then  obtained  of  this 
solut ion . 

The  integration  of  the  n.m.r.  signals  corresponding  to 
starting  material  (2*4-56,  7-03  and  8.57)  were  measured  and  the 
amount  of  starting  material  still  remaining  was  calculated 
relative  to  the  internal  standard,  ethylene  carbonate. 

Infinity  measurements  were  taken  after  10  half-lives  of 
solvolysis.  The  rate  constants  were  obtained  from  the  re¬ 
lationship  : 

kt  =  2.303  log  a 

t  a  -  x 

where  a  is  the  initial  concentration  of  starting  material 
and  (a  -  x)  is  the  concentration  at  time  t. 

POLARIMETRIC  RATES 

A  standard  solution  of  the  optically  active  sulfonium 
salt  was  prepared  and  aliquots  of  it  transferred  to  ampoules. 

The  ampoules  were  sealed  and  placed  in  a  constant  temperature 
bath  as  described  for  the  titrimetric  rate  analyses.  Reactions 
were  quenched  in  an  ice-methanol  bath  as  described  previously, 
equilibrated  to  25° ,  opened  and  an  aliquot  of  the  solution 
transferred  to  a  1  dm.  polarimeter  tube  surrounded  by  a 
jacket  through  which  water  from  a  constant  temperature  bath 
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at  25°  was  circulated.  The  optical  rotation  was  obtained 
from  the  digital  readout  of  a  Perkin-Elmer  Polarimeter  Model 
14-1  •  "Zero"  readings  were  obtained  before  and  after  each 
measurement .  Rate  constants  were  calculated  on  the  basis  of 
the  experimental  infinity  obtained  after  10  half-lives  of 
racemization  (0.000  ”  0.002). 
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METHANOLYSIS  OF  PHENACYLETHYLMETNYLSULFONIUM  PERCHLORATE- 


CONTROL  ANALYSES-RUN  2-35 

A  stock  solution,  2-35-1,  containing  2-methylthioacetophenone 
(0.115  M)  and  2-ethylthioacetophenone  (0.158  M)  in  carbon 
tetrachloride  was  prepared.  Another  standard  solution, 

2-35-2,  containing  ethyl  phthalate  (0.081  M)  in  carbon 
tetrachloride  was  also  prepared. 

A  series  of  standard  solutions  containing  various 
concentrations  of  the  two  components,  2-methylthioacetophenone 
and  2-ethylthioacetophenone,  was  prepared  by  a  series  of 
dilutions  of  the  stock  solution,  2-35-1,  with  solvent  as 
shown  in  Table  VIII. 


TABLE  VIII 

STANDARD  SOLUTIONS  FOR  THE  PRODUCT  ANALYSIS  OF  THE  METHANOLYSIS 
OF  PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE 


Solution 

( 


Aliquots  of  stock  solution  and  solvent 
2-35-1  Solvent 


2-35-100 

1 

X 

4 

2-35-80 

4 

X 

4 

2-35-67 

2 

X 

4 

2-35-50 

1 

X 

4 

2-35-40 

2 

X 

4 

2-35-33 

1 

X 

4 

2-35-20 

2-35-10* 

1 

X 

4 

934 

934 

1 

X 

4. 

.934 

934 

1 

X 

4. 

.934 

934 

1 

X 

4. 

.934 

934 

3 

X 

4. 

.934 

934 

2 

X 

4. 

.934 

934 

4 

X 

4. 

.934 

Prepared  by  diluting  4.934  ml.  of  2-35-20  with  4.934  ml. 
of  solvent . 


. 


. 


Control  solutions  were  prepared  by  transferring  a  4*934 
ml.  aliquot  of  each  of  these  standard  solutions  to  flasks 
containing  a  4-934  ml.  aliquot  of  2-35-2,  the  standard  solu¬ 
tion  of  ethyl  phthalate .  The  control  solutions  and  the  mola¬ 
rity  of  the  components  are  given  in  Table  IX. 

TABLE  IX 

CONTROL  SOLUTIONS  FOR  THE  PRODUCT  ANALYSIS  OF  THE  METHA- 
NOLYSIS  OF  PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE 

1 

Control  Molarity  of  Components 

2 -Methylthioacetophenone  2-Ethylthioacetophenone 


2-35-100-1 

0.0575 

0 .0790 

2-35-80-1 

0 . 0460 

0.0632 

2-35-67-1 

0.0383 

0 .0527 

2-35-50-1 

0 .0288 

0.0395 

2-35-40-1 

0.0230 

0.0316 

2-35-33-1 

0.0192 

0.0263 

2-35-2O-I 

0 .0115 

0 .0158 

2-35-10-1 

0.0058 

0 .0079 

l)  The  molarity  of  ethyl  phthalate,  the  internal  standard, 
is  0.0405  in  each  control  solution. 

A  50  jkl  sample  of  each  control  solution  was  injected 
into  the  gas  chromatographic  apparatus.  A  20  per  cent  sili¬ 
cone  oil  SE  30  on  60-80  mesh  Chromosorb  W  column  (6T  x  ) 
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was  employed,  using  a  helium  flow  rate  of  60  cc/minute  and 
a  column  temperature  of  160° . 

Peak  areas  were  calculated  using'  the  formula: 

A  =  h  x  wi 

n 

where  h  is  the  peak  height  and  w3  is  the  peak  width  at  half 

"2 

height.  Duplicates  were  made  of  each  run.  The  area  of  each 
component  relative  to  the  area  of  the  internal  standard, 
ethyl  phthalate,  was  calculated  (data  presented  in  Table  X) 
and  a  calibration  curve  constructed  by  plotting  the  rela¬ 
tive  areas  of  each  component  vs  the  molarity  of  each  com¬ 
ponent.  A  good  straight  line  was  obtained  as  illustrated  in 
Figure  X. 


TABLE  X 

CONTROL  ANALYSES  OF  THE  PRODUCTS  OF  METHANOLYSIS  OF 
PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE 


Control 


r  i1 

r  1  2 

[A] 

Rel.  Area  A 

I  B i  Rel.  Area  B 

2-35-100-1 

0.0575 

1.132 

0 . 0790 

2-35-8O-I 

0 .0460 

0.834 

0 .0632 

2-35-67-1 

0.0383 

0 . 762 

0.0527 

1.060 

2-35-50-1 

0.0288 

0.534 

0.0395 

0.777 

2-35-40-1 

0 .0230 

0 .429 

0 .0316 

0.621 

2-35-33-1 

0 .0192 

0.354 

0.0263 

0.514 

2-35-20-1 

0 .0115 

0 . 200 

0.0158 

0 . 294 

2-35-10-1 

0.0058 

0.099 

0 .0079 

0.148 

l)  A  =  2-methylthioacetophenone  2)  B  -  2-ethylthioaceto- 
phenone 
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METHANOLYSIS  OF  PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE 

WITH  ADDED  2,6-LUTIDINE  -  CONTROL  ANALYSES  -  RUN  2-19- 

A  stock  solution,  2-19-1,  containing  methyl  benzoate 
(0.150  M)  and  acetophenone  (0.150  M)  in  carbon  tetrachloride 
was  prepared.  A  second  stock  solution,  2-19-2,  containing 
ethyl  phthalate  in  carbon  tetrachloride  was  also  prepared . 

A  series  of  standard  solutions  containing  various  concen¬ 
trations  of  the  two  components,  methyl  benzoate  and  aceto¬ 
phenone,  was  prepared  by  making  a  series  of  dilutions  of  the 
stock  solution,  2-19-1,  with  solvent  as  shown  in  Table  XI. 

TABLE  XI 

STANDARD  SOLUTIONS  FOR  THE  PRODUCT  ANALYSIS  OF  METHANOLYSIS 
OF  PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE  WITH  ADDED 

2,6-LUTIDINE 


Solution 


Aliquots  of  Stock  Solution  &  Solvent 
2-19-1  Solvent 


2-19-80  4x5 
2-19-67  2x5 
2-19-50  1x5 
2.19-33  1x5 
2-19-20  1x5 
2-19-10*  - 


002 

1 

X 

5 .002 

002 

1 

X 

5 .002 

002 

1 

X 

5.002 

002 

2 

X 

5 .002 

002 

4 

X 

5 .002 

\/ 


Prepared  by  adding  a  5-002  ml.  aliquot  of  2-19-20  to  a 
5.002  ml.  aliquot  of  the  solvent. 
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Control  solutions  were  prepared  by  transferring  a  5*002 
ml.  aliquot  of  each  of  these  solutions  to  flasks  containing 
a  5*002  ml.  aliquot  of  2-19-2,  the  standard  solution  of  the 
internal  standard,  ethyl  phthalate .  The  control  solutions 
and  the  molarity  of  the  components  are  listed  in  Table  XII. 

TABLE  XII 

CONTROL  SOLUTIONS  FOR  THE  PRODUCT  ANALYSIS  OF  METHANOLYSIS 
OF  PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE  WITH  ADDED 

2 , 6-LUTIDINE 


Control  Molarity  of  Components 

Methyl  Benzoate 

or  Ethyl  Phthalate 

Acetophenone 


1 — 1 

1 

o 

oo 

1 

ON 

1 — 1 

1 

0.060 

0 .040 

2-19-67-1 

0.050 

0.040 

2-19-50-1 

0 .038 

0 .040 

2-19-33-1 

0 .025 

0 .040 

2-19-20-1 

0.015 

0.040 

2-19-10-1 

0.0075 

0 .040 

A  50  jK  Jt  sample  of  each  control  solution  was  injected 
into  the  gas  chromatographic  apparatus.  A  20  per  cent  sili¬ 
cone  oil  SE  30  on  60-80  mesh  Chromosorb  W  column  (6T  x  ) 
was  employed,  using  a  helium  flow  rate  of  60  cc/minute.  The 
column  was  maintained  at  a  temperature  of  105°  for  12  min. 
after  each  injection  and  then  programmed  at  a  rate  of  30° 
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per  minute  to  a  temperature  of  170° . 

Peak  areas  were  calculated  using  the  formula: 

A  =  h  x  w  x 
2 

where  h  is  the  peak  height  and  wj_  is  the  peak  width  at  half 

2 

height.  Duplicates  were  made  of  each  run.  The  area  of  each 
component  relative  to  the  area  of  the  internal  standard,  ethyl 
phthalate ,  was  calculated.  This  data  is  presented  in  Table 
XIII.  A  calibration  curve  was  constructed  by  plotting  the 
relative  areas  of  each  component  vs  its  known  molarity.  A 
good  straight  line  was  obtained  as  illustrated  in  Figure  XI. 

TABLE  XIII 

CONTROL  ANALYSES  OF  THE  PRODUCTS  OF  METHANOLYSIS  OF  PHENA- 
CYLETHYLMETHYLSULFONIUM  PERCHLORATE  WITH  ADDED  2,6-LUTIDINE 


Control 

Methyl 

Benzoate 

Rel .  Area 

Methyl  Benzoate 

j Acetophenone 

Rel .  Area 

Acetophenone 

2 -19-80-1 

0.060* 

1.1250 

0 .060 

1.0180 

2-19-67-1  0.050 

0.7383 

0.050 

0.7774 

2-19-50-I 

0.038 

0.6731 

0.0  38 

0 . 5882 

2-19-33-1 

0.025 

0 . 4489 

0 .025 

0 . 3884 

2-19-20-1  0.015 

0 . 2407 

0.015 

0.2459 

2-19-10-1  O.OO75 

0 .1340 

0.0075 

0.1173 

* 
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Figure  XI.  Calibration  curve  for  the  product  analysis  of  the  methanolysis  of 
phenacylethy lmethylsulf onium  perchlorate  with  added  2.6-lutidine 
Run  2-19 • 
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PRODUCT  ANALYSES  RUN  2-21 

A  0.5896  gm  .  quantity  of  phenacy lethylmethy lsulf oniura 
perchlorate  was  added  to  a  tared  100  ml.  volumetric  flask. 
Enough  solvent  (ca.  50  ml.)  to  dissolve  the  salt  was  added 
to  the  flask,  and  the  contents  shaken  vigourously  until  all 
the  salt  was  dissolved.  The  solution  was  diluted  to  the  mark 
with  anhydrous  methanol,  and  the  solution  equilibrated  by 
shaking  the  flask  50  times,  thus  giving  a  0.02  M  solution 
of  the  sulfonium  salt  in  methanol.  Aliquots  of  the  solution 
were  transferred  to  ampoules,  the  ampoules  sealed,  and  then 
placed  m  a  constant  temperature  oil  bath  at  90*00  -  0.02 
for  76  days,  7-8  half-lives  of  solvolysis.  After  removing 
the  ampoules  from  the  oil  bath,  they  were  equilibrated  to 
25°,  opened,  and  a  20.01  ml.  aliquot  transferred  to  a  round 
bottomed  flask.  A  5  ml.  aliquot  of  0.08  M  2,6-lutidine  in 
methanol  was  added  to  neutralize  any  perchloric  acid  present 
in  the  solution,  and  then  solvent  and  volatile  materials  were 
slowly  removed  on  a  rotary  evaporator.  The  residue  was  taken 
up  in  5*002  ml.  of  carbon  tetrachloride,  0.0404  M  in  ethyl 
phthalate .  This  procedure  results  in  the  final  concentration 
of  the  components  being  four  times  greater  than  the  concen¬ 
tration  before  workup.  Aliquots  (50  jil)  of  this  solution 
were  injected  into  the  gas  chromatographic  apparatus  using 
the  same  conditions  as  for  the  control  runs. 

The  peak  areas  of  the  components  relative  to  the  inter-r 
nal  standard,  ethyl  phthalate,  were  calculated  and  the  con- 


-  ' 
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centration  of  each  component  obtained  by  interpolation  on 
the  "standardization  curve  (Figure  X) .  The  mole  per  cent  of 
each  component  was  calculated  by  dividing  the  concentration 
of  each  component  by  four  times  the  initial  concentration 
of  phenacylethylmethylsulf onium  perchlorate  (0.08  M)  and 
multiplying  by  100 .  It  was  found  that  2-methylthioaceto- 
phenone  and  2-ethylthioacetophenone  were  formed  in  47  and 
18  mole  per  cent  respective  iy  • 

PRODUCT  ANALYSES  RUN  2-31 

A  0.02  M  solution  of  phenacylethylmethylsulf onium  per¬ 
chlorate  in  anhydrous  methanol  containing  2,6-lutidine 
(0.06  M)  was  prepared  as  previously  described.  The  solution 
was  transferred  to  a  pressure  bottle  and  maintained  at  a 
temperature  of  90.00  -  0.02°  for  19  days,  10-11  half-lives 

of  solvolysis.  On  removal  from  the  bath,  the  solution  was 

o 

equilibrated  to  25  and  a  9-868  ml.  aliquot  taken  to  dryness 
on  a  rotary  evaporator.  The  residue  was  taken  up  in  2.156 
ml.  of  0.0404  M  ethyl  phthalate  in  carbon  tetrachloride. 
Aliquots  (50  jil)  of  this  solution  were  injected  into  the 
gas  chromatographic  apparatus,  employing  the  same  conditions 
as  for  the  control  runs . 

The  peak  areas  of  the  components  relative  to  the  inter¬ 
nal  standard,  ethyl  phthalate,  were  calculated  and  the  con¬ 
centration  of  each  component  obtained  by  interpolation  on 
the  standardization  curves  (Figures  X  and  Xl).  The  mole  per 
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cent  of  each  component  was  calculated  by  dividing  the  con¬ 
centration  of  each  component  by  9-868  times  the  initial 

2.156 

concentration  of  the  sulfonium  salt  and  multiplying  by  100 . 
2-Methylthioacetophenone ,  2-ethy lthioacetophenone ,  methyl 
benzoate  and  acetophenone  were  found  to  be  formed  in  11,  8, 

20  and  11  mole  per  cent  respectively. 

ANALYSIS  FOR  ETHYL  METHYL  SULFIDE  FROM  THE  METHANOLYSIS  OF 

PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE  RUN  2-25 

A  0.02  M  solution  of  phenacylethylmethylsulf onium 
perchlorate  in  anhydrous  methanol  was  prepared  and  maintained 
at  a  temperature  of  90.00  0.02°  for  80  days  (^a.  8  half- 

lives  of  solvolysis).  An  aliquot  of  the  solution  was  re¬ 
moved  from  the  bath,  equilibrated  to  25°,  and  a  50  jil 
aliquot  of  the  solution  injected  directly  into  the  gas 
chromatographic  apparatus.  A  20  per  cent  Carbowax  1500  on 

60-80  mesh  Chromosorb  W  column  (6T  x  J  )  was  employed,  with 

"8" 

a  helium  flow  rate  of  55  cc . /minute  and  a  column  temperature 

of  6  3  • 

One  drop  of  ethyl  methyl  sulfide  was  added  to  5  ml.  of 
the  above  solution,  and  the  resulting  solution  injected  directly 
into  the  gas  chromatographic  apparatus  using  the  same  conditions 
as  outlined  above. 

A  solution  of  ethyl  methyl  sulfide  in  methanol  (one  drop 
in  5  ml.)  was  prepared  and  injected  as  above. 

A  comparison  of  the  spectra  showed  that  less  than  1  per 


, 
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cent  of  ethyl  methyl  sulfide  was  formed  in  the  solvolysis 
of  phenacylethylmethylsulf onium  perchlorate. 

ULTRAVIOLET  SPECTRA  OF  PHENACYLETHYLMETHYLSULFONIUM  PERCHLORATE 

IN  METHANOL  IN  THE  PRESENCE  OF  VARYING  CONCENTRATIONS  OF 

PERCHLORIC  ACID 

A  solution  of  1  x  10  M  phenacylethylmethylsulf onium 

perchlorate  in  anhydrous  methanol  was  prepared.  Aliquots 

(1  ml.)  of  this  solution  were  placed  in  100  ml.  tared 

volumetric  flasks ,  together  with  the  appropriate  amount  of 

1 . 5  x  10  M  perchloric  acid  in  methanol.  Each  solution  was 

diluted  to  the  mark  with  anhydrous  methanol,  followed  by 

equilibration  by  shaking  the  flask  50  times.  Ultraviolet 

spectra  were  taken  of  each  solution  and  accurate  absorbance 

values  obtained  at  "X  =  250  mu.  The  solutions  and 

max  j 

absorbance  values  are  listed  below. 


Solution  Sulfonium  Salt  Perchloric  Acid  A„„  log  £ 

250  mu 


A 

1 

X 

1 

0 

1 — 1 

r- 

0 

1 — 1 

4.03 

B 

1 

X 

10  4 

1.5 

X 

H 

O 

1 

1.36 

4.13 

C 

1 

X 

10~4 

1.5 

x  10  3 

1.39 

4.14 
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ULTRAVIOLET  SPECTRA  OF  PIIENACYLETHYLMETHYLSULFQNIUM  PERCHLORATE 

IN  METHANOL  IN  THE  PRESENCE  OF  VARYING  CONCENTRATIONS  OF 

SODIUM  METHOXIDE 

_  o 

A  solution  of  2.5  x  10  M  phenacylethy lmethylsulf onium 
perchlorate  in  methanol  was  prepared.  Aliquots  (l  ml.)  of 
this  solution  were  placed  in  25  ml.  tared  volumetric  flasks, 
together  with  the  appropriate  amount  of  0.035  M  sodium 
methoxide  in  methanol.  Each  solution  was  diluted  to  the  mark 
with  methanol  and  equilibrated  by  shaking  the  flask  50  times. 
Ultraviolet  spectra  were  taken  of  each  solution  and  accurate 
absorbance  values  obtained  at  "X  =  297  m^i .  The  solutions  and 
absorbance  values  are  listed  below. 


Solution 

Sulfonium  Salt 

Sodium 

Methoxide 

A297  mu 

log  £ 

A 

1 

X 

10~4 

5 

X 

10"5 

0.614 

3.79 

B 

1 

X 

10~4 

1 

X 

10”4 

0 . 918 

3.96 

C 

1 

X 

ID'4 

1.5 

X 

10~4 

0.985 

3.99 

D 

1 

X 

10“4 

2 

X 

10“4 

0.999 

4.00 

E 

1 

X 

10-4 

6 

X 

10"4 

0 . 998 

4.00 
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CHAPTER  II 

ETHYLMETHYLSULFONIUM  PHENACYLIDE 

Stable  sulfonium  ylides  have  been  known  since  1935, 
when  Hughes  and  Kuriyan  (36)  isolated  dimethylsulf onium 
9-f luorenylide .  A  number  of  isolable  sulfonium  ylides  have 
been  prepared  since  that  time,  but  it  was  not  until  1966 
that  sulfonium  ylides  stabilized  by  only  one  carbonyl  group 
were  isolated.  In  that  year,  Ratts  and  Yao  (27)  isolated  a 
number  of  sulfonium  ylides  of  the  general  formula 
(CH^^S  -CHCOR,  by  treating  the  appropriate  sulfonium  salt 
with  base . 

The  structure  of  sulfonium  ylides  has  been  quite  well 
established,  and  has  been  shown  to  be  pyramidal  in  nature. 

This  conclusion  was  made  on  the  basis  of  non-equivalence  of 
S-CH  protons  in  the  nuclear  magnetic  resonance  spectra  (37) 
and  X-ray  crystalography  studies  (39)* 

A  study  of  the  racemization  of  ethy lmethylsulf onium 
phenacylide  was  undertaken  to  gain  further  insight  into  the 
requirements  and  limitations  of  pyramidal  inversion  as  a 
mechanism  for  racemization.  The  synthesis  of  the  racemic  and 
optically  active  ylide  will  be  discussed  as  well  as  the  rates 
of  racemization  in  various  solvents  and  at  various  temperatures. 

SYNTHESIS 


Ethylmethylsulf onium  phenacylide  was  prepared  as  illustrated 
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in  Figure  XII  by  a  method  analogous  to  that  described  by 
Ratts  and  Yao  (27)  for  the  synthesis  of  similar  sulfonium 
ylides  .  The  method  employed  consisted  of  treating  the 
sulfonium  salt  with  an  excess  of  base,  extraction  of  the 
ylide  thus  formed  with  chloroform,  and  subsequent  evaporation 
of  the  chloroform  to  yield  the  ylide.  At  all  times  the 
ylide  was  kept  in  the  dark  and  under  a  nitrogen  atmosphere. 

Racemic  ethy lmethylsulf onium  phenacylide  was  prepared 
directly  from  racemic  phenacylethy lmethylsulf onium  bromide, 
whereas  the  optically  active  isomer  was  prepared  from 
(-) -phenacylethy lmethylsulf onium  perchlorate.  The  change  in 
specific  rotation  with  change  in  incident  wavelength  for 
(-) -ethy lmethylsulf onium  phenacylide  in  solvent  benzene  is 
illustrated  in  Figure  XIII. 

The  n.m.r.  spectrum  of  the  ylide  showed  non-equivalence 
of  the  methylene  protons  of  the  ethyl  group.  The  signals  for 
the  two  protons  are  separated  by  ca.  60  cps .  Each  proton 
is  coupled  with  the  protons  of  the  adjacent  methyl  group, 
and  also  with  the  other  proton  of  the  methylene  group.  This 
gives  rise  to  a  complex  multiplet  signal,  probably  an  octet. 
As  explained  in  Chapter  I  when  discussing  the  n.m.r.  spectrum 
of  phenacylethy lmethylsulf onium  bromide,  the  differentiation 
of  these  protons  is  expected  since  they  are  adjacent  to  an 
asymmetric  center. 

The  structure  of  ethy lmethylsulf onium  phenacylide  was 
assigned  on  the  basis  of  a  comparison  of  its  n.m.r.  and 
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infrared  spectra  in  CDCl^  and  CCl^  respectively,  with 
those  reported  by  Ratts  and  Yao  (27)  for  similar  compounds. 

Its  elemental  analysis  was  also  satisfactory.  Conclusive 
proof  of  structure  was  its  n.m.r.  spectrum  in  CF^COOH,  which 
was  the  same  as  that  of  phenacylethylmethy lsulf onium 
perchlorate  in  the  same  solvent .  Structure  assignment  is 
discussed  in  more  detail  in  the  Discussion  section.  Details 
of  the  synthesis  and  properties  of  ethylmethylsulf onium 
phenacylide  are  presented  in  the  Experimental  section. 

t 

RAC EMI Z AT ION  STUDIES 

Racemization  rates  were  studied  by  following  the 
disappearance  of  optical  rotation  vs  time.  A  Perkin-Elmer 
Model  141  Polarimeter  was  used,  using  incident  light  589 
nyi .  The  entire  reaction  was  studied  in  a  thermostated 
polarimeter  tube.  The  rotations  were  obtained  directly  from 
the  digital  readout  of  the  instrument,  with  infinity 
measurements  being  taken  after  ten  half-lives  of  race¬ 
mization.  The  first-order  rate  constants  were  calculated 
from  the  relationship: 

k  =  2.303  log  ^  -°o 
* 

whereO^  is  the  initial  rotation  and  oi  ,  is  the  rotation  at 
o  t 

time  t.  Reactions  were  followed  to  75-85  per  cent  completion, 
and  a  good  straight  line  was  obtained  when  (oC^-ot)  was 
plotted  vs  time.  A  typical  rate  analysis,  Run  1-215,  is  shown 
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Figure  XII. 


Synthesis  of  Ethylmethylsulf onium  phenacylide 


Wavelength 
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Figure  XIII.  Specific  rotation  of  ( - ) -Ethylmethylsulf onium  Phenacylide 

vs.  wavelength  of  incident  light.  ”  (Solvent  :  Benzene) 
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in  Table  XIV  with  the  corresponding  plot  of  log  -0*  )  vs 

t 

time  illustrated  in  Figure  XIV. 

Table  XV  summarizes  the  racemization  rates  which  were 
run  on  ( - ) -ethylmethylsulf onium  phenacylide .  The  specific 
first-order  rate  constants  for  the  conversion  of  one 
enantiomer  to  the  other,  ,  are  also  presented. 

DECOMPOSITION  STUDIES 


Decomposition  of  ethylmethylsulf onium  phenacylide  in 
carbon  tetrachloride  (accomplished  by  maintaining  the  solution 
at  50*00  0.0  2°  for  ten  days)  results  in  the  formation  of  67 

mole  per  cent  2-methylthioacetophenone .  The  rest  of  the 
products  were  not  identified. 

DISCUSSION 

Nuclear  magnetic  resonance  spectral  data  for  ethyl¬ 
methylsulf  onium  phenacylide  (i)  and  dimethylsulf onium 
phenacylide  (II),  the  latter  synthesized  by  Ratts  and  Yao  (27), 
are  presented  in  Table  XVI.  From  an  examination  of  this  table 
it  is  seen  that  in  the  corresponding  solvents  the  two  compounds 
display  strikingly  similar  n.m.r.  chemical  shifts  for 
similar  groups.  The  n.m.r.  spectrum  obtained  by  dissolving 
the  ylide  I  in  CF.COOH  is  almost  identical  with  that  of  the 
sulfonium  salt  in  the  same  solvent.  The  two  spectra  would 

t 

not  be  the  same  if  basic  treatment  of  the  sulfonium  salt  had 
resulted  in  the  formation  of  a  compound  with  a  rearranged 
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TABLE  XIV 


RACEMIZATION  OF  0.044  M 

IN  CARBON  TETRACHLORIDE 

( - ) -ETHYLMETHYLSULFONIUM 

AT  25.00°  RUN  1-215. 

PHENACYLIDE 

Time 

105 

koC 

(  10^  sec) 

o( 25 

^  D 

x°g  (0^ 

-v 

( sec 

-1) 

0 

-0.148 

1.170 

1.35 

-0 . 126 

1 . 100 

1.19 

3.60 

-o .090 

"2.954 

1.38 

4-32 

-0.082 

2.914 

1.37 

8.49 

-0 .048 

2.681 

1.33 

10 .08 

-0 .040 

"2.602 

1.30 

11.01 

-0.034 

2.531 

1.33 

H 

4^ 

to 

oo 

-0 .023 

2.362 

1.30 

- =}= - 

95.85 

0.000 

Average 

1.34  0.03 

1 
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Figure  XIV.  Racemizat ion  of  0.044  M  ( - ) -ethylmethylsulf onium 

phenacylide  in  carbon  tetrachloride  at  25.00° 

Run  1-215. 
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TABLE  XV 


RACEMIZATION  OF  ( - ) -ETHYLMETHYLSULFONIUM  PHENACYLIDE  IN 
VARIOUS  SOLVENTS  AT  25.00°  AND  50.00°  USING  AN  INCIDENT 
LIGHT  WAVELENGTH  OF  589 


Run 

Isomer 

Solvent 

Temp 

.  105  1 

( sec' 

-b 

105  : 

( sec 

k 

1 

-1) 

1-227 

(-) 

.0235 

CH  Cl2 

25 

3.52 

+ 

.05 

1.76 

+ 

•  03 

1-223 

(-) 

.021 

Benzene 

25 

1.67 

+ 

.01 

0.83 

+ 

.01 

1-215 

(-) 

.044 

CC1, 

4 

25 

1.34 

+ 

.03 

0 .67 

+ 

.02 

1-206 

(-) 

.  018 

Benzene 

50 

39.7 

+ 

0 . 2 

19 . 8 

+ 

0.1 

1-203 

(-) 

.025 

cci4 

50 

30.7 

+ 

0.4 

15.3 

+ 

0 . 2 

1-211 

(-) 

.0245 

CC1, 

4 

50 

28 . 4 

1.1 

14 . 2 

+ 

0 . 6 

1-1471 

(-) 

.030 

Methanol 

50 

75.0 

+ 

1-7 

37.5 

+ 

0.9 

2  —  5  3 1 

(-) 

.030 

Methanol 

50 

71 . 6 

+ 

1.8 

35.8 

+ 

0.9 

2-552 

(-) 

.  106 

Benzene 

50 

OO 

1 — 1 

+ 

0 . 2 

20 . 9 

+ 

0.1 

1)  These  runs  were  made  by  dissolving  the  appropriate  amount 
of  ( - ) -phenacy lethy lmethylsulf onium  perchlorate  in  methanol 
with  the  appropriate  amount  of  added  sodium  methoxide .  Run 
1-147  is  0.090  M  and  Run  2-53  is  0.21  M  in  sodium  methoxide. 

2)  An  incident  light  having  a  wavelength  of  436  mu  was  used. 
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TABLE  XVI 

NUCLEAR  MAGNETIC  RESONANCE  SPECTRAL  DATA  FOR  ETHYLMETHYL- 

SULFONIUM  P HEN ACYL IDE  AND  DIMETHYLSULFONIUM  PHENACYLIDE 


Com T  d 


Nmr  Chemical  Shifts  (Area)- 


CH^S1 II 1  CH3CH2-S2  CH3CH2-S3 4  Ar4 


Ar-CO-CH 


Solvent 


I  7.2(3)  6.15(1) 

7-15(1) 

II  7.2(6)  - 

I  6.91(3)  6.43(2) 

II  6.95(6)  - 


8-77(3)  2.43(5) 

-  2.44(5) 

8.38(3)  2.20(5) 

-  2.37(5) 


5.8(1) 

CDC13 

5.25(1) 

CDC13 

4.77(2) 

CF3C00H 

4.83(2) 

CF-COOH 

1)  Singlet 

2)  Multiplet  centered  at  value  shown 

3)  Triplet  centered  at  value  shown 

4)  Multiplet  centered  at  value  shown 
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skeleton.  The  fact  that  they  are  the  same  is  therefore 
conclusive  confirmation  of  the  ylide  structure.  The  only 
difference  in  the  two  spectra  is  the  chemical  shift  of  the 
signal  for  the  methylene  protons  of  the  phenacyl  moiety. 

It  was  located  at  TT  4  •  77  for  the  ylide  and  at  4*75  for  the 
sulfonium  salt.  This  small  difference  may  be  due  to  the 
slightly  different  environment  created  by  the  perchlorate 
anion. 

As  seen  from  Table  XVI  the  n.m.r.  spectrum  of  ethyl- 
methylsulf onium  phenacylide  shows  non-equivalent  methylene 
protons.  In  fact  their  chemical  shifts  are  60  cps  apart. 

The  signals  for  these  protons  have  been  reported  as  multiplets, 
whereas  they  are  probably  octets  caused  by  each  proton 
coupling  with  the  adjacent  methyl  protons  as  well  as  with 
each  other.  The  reason  for  the  non-equivalence  is  the 
asymmetric  sulfur  center  as  explained  previously. 

A  further  comparison  of  compounds  I  and  II  showed  that 
they  both  have  carbonyl  stretching  frequencies  of  1520  cm"\ 
whereas  their  corresponding  sulfonium  salts  have  infrared 
carbonyl  stretching  frequencies  of  cja.1670  cm"'*'. 

As  mentioned  in  the  Synthesis  section,  ethylmethyl- 
sulf onium  phenacylide  gave  a  satisfactory  analysis.  This, 
as  well  as  the  above  evidence,  indicated  that  the  synthesized 
compound  was  indeed  ethylmethylsulf onium  phenacylide. 

Ethylmethy lsulf onium  phenacylide  racemizes  200  times 
faster  than  phenacylethylmethylsulf onium  perchlorate  in 
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methanol  at  50°  (Cf.  Runs  1-147  and  1-249,  Table  VII) .  The 
effect  of  solvent  on  the  racemization  rate  of  the  ylide  is 
very  small,  since  the  rate  in  methanol  (Dielectric  constant 
33*6)  is  only  twice  that  in  carbon  tetrachloride  (Dielectric 
constant  2.24)  at  50°  (Table  XV).  Independent  control 
studies,  Runs  2-41  and  1-211,  establish  that  loss  of  optical 
activity  by  the  ylide  is  due  to  racemization  and  not 
decomposition  of  the  substrate.  Product  studies  indicate 
that  decomposition  of  the  ylide,  resulting  in  the  formation 
of  67  mole  per  cent  2-methylthioacetophenone ,  occurs  for  the 
most  part  by  a  pathway  other  than  breakage  of  the  phenacyl- 
sulfur  bond. 

Carbon-sulfur  bond  heterolysis  to  form  a  carbene  and 
ethyl  methyl  sulfide,  with  subsequent  recombination  to  form 
the  racemic  ylide  is  a  possible  mechanism  which  could  account 
for  racemization  without  decomposition.  However,  this  is 
highly  unlikely  in  view  of  the  fact  that  2-methylthioacetophenone, 
not  a  carbene  reaction  product,  accounts  for  67  mole  per  cent 
of  the  decomposition  products.  This  view  is  further  sub¬ 
stantiated  by  work  carried  out  by  Nozaki  et  ad.  (37c)  on 
pheny lmethylsulf onium  phenacylide .  Heating  this  ylide  with 
sulfides  other  than  phenyl  methyl  sulfide  produced  no  sulfide 
exchange.  In  addition,  formation  of  the  ylide  from  the 
sulfonium  salt  in  solutions  containing  other  sulfides 
produced  no  exchanged  ylides. 


■ 
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The  only  reasonable  mechanism  which  accounts  for  race- 
mization  without  decomposition  is  pyramidal  inversion. 


ACTIVATION  PARAMETERS 


To  determine  the  effect  of  temperature  on  racemization 
of  ethylmethylsulf onium  phenacylide,  calculations  similar  to 
those  described  in  Chapter  I  were  made.  The  values  calcu¬ 
lated  for  the  enthalpy  and  entropy  of  activation  for  the 
racemization  of  the  ylide  in  carbon  tetrachloride  and  ben¬ 
zene  are  as  follows: 

a- 

Benzene :  A  H  1  =  23-6  ±  0.2  kcal/mole 

t  + 

AS  =  -1.1  -  0.5  e.u. 

Carbon  tetrachloride:  A  H  =  23*3  ^  0.3  kcal/mole 

A  S  *  =  -2.8  ±  0.8  e.u. 

We  will  now  consider  why  the  sulfonium  ylide  racemizes 
so  much  faster  than  its  sulfonium  salt  analog.  The  lone  pair 
of  electrons  on  the  sulfur  atom  will  have  more  s-character 
in  the  sulfonium  salt  than  in  the  corresponding  ylide,  since 
the  phenacylide  group  is  more  electropositive  than  the 
phenacyl  group  (33)-  As  a  result,  the  sulfur-alkyl  bonds 
will  have  more  p-character  in  phenacy lethy lmethylsulf onium 
perchlorate  than  in  ethylmethylsulf onium  phenacylide.  This 
will  result  in  the  ylide  having  a  more  nearly  planar  configu¬ 
ration  than  the  sulfonium  salt.  Since  the  transition  state 
for  pyramidal  inversion  is  indeed  planar,  one  would  expect 
that  the  energy  of  activation  would  be  correspondingly  less 
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for  the  ylide  than  the  sulfonium  salt,  enabling  it  to  race- 
mize  faster  by  this  mechanism.  Another  possibility  is  that 
p-d  Tf  bonding  might  be  better  at  the  transition  state  for 
the  ylide  than  at  the  ground  state.  Since  the  sulfonium  salt 
is  incapable  of  this  type  of  stabilization  of  the  transition 
state,  this  may  also  explain  the  faster  rate  of  racemization 
for  the  ylide . 

Sulfoxides  are  somewhat  similar  to  ylides  in  structure 
in  that  they  also  have  a  negative  charge  on  the  center  ad¬ 
jacent  to  sulfur.  On  the  basis  of  the  foregoing  reasoning, 
one  might  expect  them  to  racemize  with  a  rate  at  least 
comparable  in  magnitude  to  that  of  the  ylides .  This  is  not 
the  case,  however,  since  Mislow  and  co-workers  (29)  have 
shown  that  pyramidal  inversion  in  a  number  of  aryl  sulfoxides 
is  an  extremely  slow  process  at  ordinary  temperatures, 
having  an  activation  enthalpy  of  ca_.  40  kcal/mole. 

There  are  a  number  of  factors  which  could  contribute 
to  the  enormous  difference  in  activation  enthalpies  for  in¬ 
version  of  the  ylide  I  and  the  sulfoxides.  In  any  molecule 
where  sulfur  is  surrounded  by  groups  in  a  tetrahedral  arrange¬ 
ment,  "if -bonding  can  occur  between  suitable  orbitals  of  the 

surrounding  groups  and  the  sulfur  orbitals,  do  o  and  d  9 

X  -y*  ZZ 

(38).  These  orbitals  are  more  favourable  for  lC -bonding  than 
the  other  d-orbitals  of  sulfur  both  geometrically  and  ener¬ 
getically.  Consequently,  the  two  lone-pairs  of  electrons 
which  are  located  in  p-orbitals  on  the  oxygen  atom  can  par- 
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ticipate  in  p-d  If  overlap  with  the  two  d-orbitals  of  the 
sulfur  center  in  the  ground  state.  In  the  planar  transition 
state  for  pyramidal  inversion,  the  two  d-orbitals  of  sulfur 
which  are  geometrically  most  favourable  for  p-d  'if  overlap 
are  the  dxz  and  the  dXy  orbitals.  However,  the  dXy  orbital 
is  higher  in  energy  than  the  d  orbital.  This  may  result 
in  p-d  V  overlap  between  the  oxygen  and  the  sulfur  to  be  more 
favourable  in  the  ground  state  than  in  the  transition  state, 
thereby  stabilizing  the  ground  state  relative  to  the  tran¬ 
sition  state.  Since  the  ylide  has  only  one  pair  of  non-bonding 
electrons  on  the  center  adjacent  to  the  sulfur  atom,  p-d Tf 
overlap  should  be  at  least  as  favourable  in  the  transition 
state  as  in  the  ground  state. 

Griffith  and  Roberts  (30)  found  that  N-benzyl-N,0-di- 

methylhydroxy lamine  underwent  very  slow  pyramidal  inversion 

compared  to  simple  tertiary  amines.  They  felt  that  this  was 

due  to  destabilization  of  the  transition  state  relative  to 

the  ground  state,  caused  by  electronic  repulsion  between 

the  lone-pairs  on  oxygen  and  that  on  nitrogen.  A  similar 

argument  may  be  invoked  to  account  for  the  slow  inversion 

3 

of  sulfoxides.  If  we  assume  sulfur  to  be  sp  hybridized  in 

2 

the  ground  state  and  sp  hybridized  in  the  transition  state, 
then  in  the  transition  state  there  are  more  severe  elec¬ 
tronic  interactions  between  the  lone-pair  on  sulfur  and  the 
two  lone-pairs  on  oxygen  (all  in  p-orbitals) .  The  ylide, 
which  has  only  one  lone-pair  of  electrons  on  the  center  ad- 
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jacent  to  the  sulfur  atom,  will  not  experience  such  severe 
electrostatic  interactions  in  the  transition  state  since 
the  two  lone-pairs  may  be  arranged  at  right  angles  to  each 
other,  where  electronic  repulsion  will  be  at  a  minimum. 


One  would  expect  this  to  be  the  preferred  conformation  by 
analogy  to  the  hydrazines,  where  it  has  been  shown  that  the 
lone  pairs  on  the  nitrogen  atoms  are  indeed  at  right  angles 
to  each  other  (32).  The  sulfoxides  are  susceptible  to  both 
destabilization  of  the  transition  state  and  stabilization  of 
the  ground  state  relative  to  the  ylide,  and  this  would  account 
at  least  partly  for  the  appreciable  difference  in  their  ac¬ 
tivation  enthalpies. 

Nozaki  et  a_l  (37c)  have  recently  reported  an  n.m.r. 
spectral  study  of  dimethylsulf onium  diacetylmethylide ,  com¬ 


pound  III. 
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This  compound  exhibited  magnetic  equivalence  of  the  two  C-Me 
groups  at  room  temperature.  However,  they  became  differen¬ 
tiated  at  lower  temperatures,  the  coalescence  temperature 
being  ca.  -25°.  They  interpreted  their  observations  by  as¬ 
suming  a  rapid  exchange  between  Ilia  and  Illb  at  room  tem¬ 
perature,  with  the  exchange  slowed  down  considerably  at 
lower  temperatures.  Their  calculations  showed  that  the  average 
lifetime  of  each  conformer  was  ca .  0.02  seconds. 
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This  exchange  may  occur  by  either  rotation  about  the  S-C 
bond  or  pyramidal  inversion  of  the  sulfur  atom.  These  workers 
suggested  that  the  latter  is  the  more  plausible  mechanism  of 
the  two . 

In  view  of  our  present  results,  it  seems  highly  unlike¬ 
ly  that  pyramidal  inversion  in  this  system  could  be  occurring 
at  such  a  rapid  rate.  However,  one  might  be  able  to  rationa¬ 
lize  it  on  the  following  basis.  In  the  ylide  III,  the  carbon 
adjacent  to  sulfur  is  bonded  to  two  carbonyl  groups.  If  this 
group  is  much  larger  sterically  than  a  phenacylide  group  in 
which  carbon  is  bonded  to  a  carbonyl  and  a  hydrogen,  then 
there  would  be  steric  acceleration  of  the  rate  caused  by  re¬ 
lief  of  non-bonded  interactions  in  going  from  the  ground 
state  to  the  transition  state.  Another  possible  explanation 


. 

' 


-  84  - 


is  electronic  in  nature.  Since  the  carbonyl  groups  each  carry 
a  partial  negative  charge  in  the  earbanion. 


the  oxygens  might  tend  to  arrange  themselves  as  close  as 
possible  to  the  positive  sulfur  center.  This  might  force  the 
two  S-Me  groups  into  a  more  planar  arrangement ,  thereby  lowe¬ 
ring  the  activation  energy  for  pyramidal  inversion.  Either 
or  both  of  the  above  factors  might  result  in  an  extremely 
fast  pyramidal  inversion  of  the  ylide  III. 

Hochrainer  and  Silan  (37b)  have  recently  reported  an 
investigation  of  sulfoniuin  ylides  of  the  following  structure: 
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a) 

Ri  = 

C6HSCH2 

’  R2 

=  c6h5ch 

Me 

b) 

Ri  = 

C6H5CH2 

9  R2 

~  CH3 

c) 

R  = 

C2»5 

,  Rn 

=  C  H 

1 

’  2 

2  5 
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The  n.m.r.  spectra  showed  the  methylene  protons  of  the  R 
groups  to  be  non-equivalent  at  room  temperature.  For  IVa 
non-equivalence  of  the  methylene  protons  is  exhibited  up  to 
temperatures  of  at  least  100°.  This  can  only  be  explained 
if  pyramidal  inversion  is  not  extremely  rapid  in  these  sys¬ 
tems  . 

This  evidence  indicates  that  the  equivalence  at  room 
temperature  of  the  C-Me  groups  in  III  is  due  not  to  rapid 
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pyramidal  inversion  about  the  sulfur  center,  but  rather  to 
a  simple  rotation  about  the  C-S  bond.  This  rotation  would 
be  slowed  down  considerably  at  -25° ,  thus  causing  magnetic 
non-equivalence  of  the  C-Me  groups  to  be  exhibited  below 
this  temperature . 
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EXPERIMENTAL 


SOLVENTS 

Benzene 

Shawinigan  Reagent  Grade  benzene  was  purified  according 
to  the  method  described  by  Fieser  (34)  by  treating  it  with 
cone,  sulfuric  acid.  The  treated  solvent  was  fractionally 
distilled  (b.p.  79°  at  708  mm.)  from  calcium  hydride  and 

stored  in  a  tightly-stoppered  dark  bottle. 

Carbon  tetrachloride 

Shawinigan  Reagent  Grade  carbon  tetrachloride  was 
purified  according  to  the  method  described  by  Fieser  (35) 
by  treating  it  with  concentrated  potassium  hydroxide  in 
methanol,  and  then  cone,  sulfuric  acid.  The  treated  solvent 
was  distilled  (b.p.  76°  at  700  mm.)  from  phosphorous  pen- 

toxide  and  stored  in  a  tightly-stoppered  dark  bottle. 

Methylene  chloride 

Fisher  Certified  methylene  chloride  was  treated  suc¬ 
cessively  with  1  volume  of  cone,  sulfuric  acid  and  %  volume 

10 

of  water  three  times.  The  solvent  was  then  washed  with 
dilute  potassium  carbonate  and  twice  with  water.  It  was 
dried  with  MgSO^  and  then  fractionally  distilled  (b.p.  40° 
at  700  mm.),  and  stored  in  a  tightly-stoppered  dark  bottle. 
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REAGENTS  AND  MATERIALS 

( dl ) -Ethy lmethylsulf onium  phenacy Tide 

( dl ) -Ethylmethylsulf onium  phenacylide  was  prepared 
according  to  the  method  described  by  Ratts  and  Yao  (27)  for 
preparing  dimethylsulf onium  phenacylide  by  treating  phenacyl- 
ethy lmethylsulf onium  bromide  (11.04  gm.,  0.04  moles)  with 
200  ml.  of  a.  5  per  cent  sodium  hydroxide  solution  (0.2 5 
moles)  at  5°.  The  resulting  solution  was  stirred  under 
nitrogen  for  15  minutes.  This  solution  was  extracted  several 
times  with  chloroform,  the  combined  extracts  washed  twice 
with  water,  dried  with  magnesium  sulfate  and  the  chloroform 
removed  on  a  rotary  evaporator.  The  resulting  yellow  oil 
was  found  to  crystallize  on  drying  in  vacuo.  These  crystals 
were  recrystallized  from  benzene-Skelly  Solve  B  to  yield 
3.27  gm.  (42  per  cent)  of  pure  ethylmethylsulf onium  phena¬ 
cylide,  which  was  stored  under  nitrogen  in  the  refrigerator. 
M.p.  83-85°.  N.m.r.  (CDC1  ) :  ~  2.43  (m,  5H) ,  5-86  (s,  1H) , 

O 

5. 8-6. 5  (m,  1H),  6. 8-7. 5  (m,  1H),  7-20  (s,  3H) ,  8.77  (t, 

J  =7*5  cps,  3H) .  (Note  that  the  two  protons  of  the  methy¬ 
lene  group  of  the  ethyl  moiety  are  differentiated  into  two 
multiplet  signals,  X  5* 8-6. 5  and  6. 8-7. 5-  These  two  regions 
also  contain  the  signals  for  the  methine  group  and  the 
methyl  group  bonded  to  the  sulfur  center.  The  n.m.r.  integ¬ 
ration  of  each  region  naturally  included  these  groups;  the 
integration  reported  above  has  been  separated  into  compo¬ 
nents  for  convenience  only.)  Infrared:  3080-3010  (several), 


. 
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2970-2880  (several),  1580,  1520,  1370,  1290,  1200,  1085, 

1060,  1020,  960  and  850  cm-1. 

Anal.  Calcd .  for  C_H  OS:  C,  68.00  ;  H,  7.26  :  S,  16.50 
-  14 

Found:  C,  67-99,  68.06;  H,  7-13,  7-33;  S,  15-99,  16.47- 


( - ) -Ethy lmet hy lsulf onium  phenacylide 

( - ) -Phenacylethylmethylsulf oniurn  perchlorate  (14-3  gm .  , 
0.048  moles)  was  treated  with  240  ml.  of  a  5  per  cent  sodium 
hydroxide  solution  (0.0 30  moles),  and  the  workup  conducted 
in  a  manner  similar  to  that  for  the  racemic  material.  Yield: 


o 


4-7  gm.  (50  per  cent),  m.p.  83-85  , 


- 

oc 

L  JD 


-137-4  (c  =  0.487, 


benzene).  N.m.r.  (CDC1  ):  superimposable  on  that  of  (dl)- 

ethy lmethy lsulf onium  phenacylide.  N.m.r.  (CF  C00H) :  c"  2.2 

3 

(m,  5H),  4-77  (s,  2H),  6.43  (m,  2H) ,  6 . 91  (s,  3H) ,  8.38  (t, 
J  =  7-5  cps ,  3H) ,  Infrared:  superimposable  on  that  of  the 
racemic  material . 


KINETICS 


Polarimetric  Rates 

(-) -Ethylmethylsulf onium  phenacylide  was  accurately 
weighed  in  a  tared  volumetric  flask,  enough  solvent  to 
dissolve  the  compound  was  added  and  the  solution  diluted  to 
the  mark.  The  solution  was  equilibrated  by  shaking  the  flask 
50  times.  An  aliquot  of  the  solution  was  placed  in  a  1  dm. 
polar imeter  tube  surrounded  by  a  water  jacket  through  which 

-j- 

water  from  a  constant  temperature  bath  at  50-00  -  0.02  or 
25.00  -  0.02°  was  circulated.  The  polarimeter  tube  was  placed 


' 
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in  the  compartment  of  a  Perkin-Elmer  Polarimeter  Model  141* 

At  appropriate  time  intervals  the  optical  rotation  was  ob¬ 
tained  directly  from  the  digital  readout  of  the  instrument, 
with  "zero"  readings  being  obtained  before  and  after  each 
measurement.  The  first  reading  was  taken  at  least  5  minutes 
after  the  solution  was  placed  in  the  tube  to  ensure  tem¬ 
perature  equilibration.  An  incident  light  beam  having  a 
wavelength  of  589  niu  was  employed. 

The  rate  constants  were  obtained  on  the  basis  of  the 
experimental  infinity  obtained  after  10  half-lives  of  race- 

.  4-  . 

mization  (0.000  -  0.002).  A  typical  rate  analysis  has  been 
presented  in  the  Result  section. 

RACEMIZATION  OF  ( - ) -ETHYLMETHYLSULFONIUM  PHENACYLIDE  RUN  2-41 

A  solution  of  0.1947  gm .  of  ( - ) -ethylmethylsulf onium 
phenacylide  in  50  ml.  of  carbon  tetrachloride  - .  533- •  002) 

was  prepared  and  placed  in  a  50.00  -  0.02°  constant  tempera¬ 
ture  bath  for  2  hours,  3  half-lives  of  racemizat ion .  On  re- 

moval  from  the  bath  the  rotation  had  decreased  to  (X  J  = 

D 

-O.O67  -  0.002.  The  solvent  was  removed  on  a  rotary  evapo¬ 
rator,  and  the  resulting  oil  dried  in  vacuo  for  24  hours. 
Yield:  0.1940  gm.  (100  per  cent).  The  resulting  light  yellow 
crystals  had  m.p.  83-85°*  This,  as  well  as  n.m.r.  and  infra¬ 
red  spectra,  indicated  that  the  recovered  material  was  pure 
ethylmethylsulf onium  phenacylide . 


■ 


% 


90 


RACEMIZATION  OF  ( - ) -ETHYLMETHYLSULFONIUM  PHENACYLIDE  RUN  1-211 


A  solution  of  0.1189  gm.  of  ( - ) -ethylmethylsulf onium 
phenacylide  in  carbon  tetrachloride  was  prepared .  A  1  ml . 
aliquot  of  this  solution  was  diluted  by  a  factor  of  500  with 
spectral  grade  carbon  tetrachloride,  and  an  ultraviolet 
spectrum  of  the  resulting  solution  obtained  using  spectral 
grade  carbon  tetrachloride  as  a  blank  (log  c~  3*908,  "X=  3l8mji) 
Another  1  ml.  aliquot  of  the  solution  was  diluted  by  a  fac¬ 
tor  of  500  with  methanol  containing  perchloric  acid  such 

-4 

that  the  resulting  molarity  of  the  acid  was  1.5  x  10  M 
(3  times  the  molarity  of  the  substrate),  and  an  ultraviolet 
spectrum  of  this  solution  obtained  (log  £=  4*157,  A=  245  nyi)  . 
The  remaining  portion  of  the  initial  solution  was  maintained 
at  50*00  -  0.02°  for  165  minutes,  four  half-lives  of  racemi- 
zation,  when  ultraviolet  spectra  were  again  taken  using 
the  procedure  described  above  (log  £=  3*884,  *^=  318  mji; 

log  £  =  4 . 135 ,  245  nyi)  •  The  ultraviolet  data  indicates 

4-5  pen  cent  decomposition  of  the  ylide  after  four  half- 
lives  of  racemizat ion . 


PRODUCT  ANALYSES  RUN  2-40 

A  0.023  M  solution  of  ethylmethylsulf onium  phenacylide 
in  carbon  tetrachloride  was  prepared  in  the  usual  manner. 

The  solution  was  transferred  to  a  pressure  bottle  and  main¬ 
tained  at  a  temperature  of  50.00  -  0.02°  for  10  days  (n.m.r. 


. 
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and  ultraviolet  spectra  indicate  complete  decomposition  of 
starting  material) .  On  removal  from  the  bath  the  solution  was 
equilibrated  to  25°  and  a  25  ml  aliquot  of  the  solution  taken 
to  dryness  on  a  rotary  evaporator.  The  residue  was  taken  up 
in  4.934  ml  of  O.O4O4  M  ethyl  phthalate  in  carbon  tetra¬ 
chloride.  Aliquots  (50  ul)  of  this  solution  were  injected 
into  the  gas  chromatographic  apparatus,  employing  the  same 
conditions  as  for  the  control  run  (  Run  2-35  )  described  in 
Chapter  I . 

The  peak  area  of  2-methylthioacetophenone  relative  to 
the  internal  standard,  ethyl  phthalate,  was  calculated  and 
the  concentration  obtained  by  interpolation  on  the  stan¬ 
dardization  curve  (Figure  X) .  The  mole  per  cent  of  2-methyl¬ 
thioacetophenone  was  obtained  by  dividing  the  concentration 

obtained  above  by  25  times  the  initial  concentration  of 

4-934 

ethy lmethylsulf onium  phenacylide  and  multiplying  by  100 .  It 
was  concluded  that  complete  decomposition  of  the  ylide 
results  in  the  formation  of  67  mole  per  cent  of  2-methyl¬ 
thioacetophenone  . 
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